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Executive Summary 
Deakin University was contracted by Melbourne Water to collate information and identify any 
knowledge gaps on thirty estuaries that enter Port Phillip and Western Port Bay. The 
information was to focus on providing a physical description of each estuary and describing the 
social, environmental and economic assets of the estuaries. The report was to also identify any 
potential threats to the estuaries that were revealed in other studies and identify knowledge 
gaps particularly those relevant to integrated management of estuaries. 
As a first step in the project an ‘estuary description’ form was designed to guide data collection 
in a systematic way (Appendix E). The form was designed to be consistent with the output from 
the National Land and Water Resources Audit (2002) but also include other data useful for 
estuary management. Unfortunately, for many estuaries in the study, the data required to 
populate the forms was not available. The format would have resulted in a very lengthy report 
with many blank pages. It was therefore decided to present the report in the current format. 
That is, information assembled around issues rather than estuaries.   
To collate the information, a literature review of internationally and locally published literature 
was undertaken and a range of organisations contacted. In addition, flora and fauna 
information provided by Viridans was collated and water quality data supplied by Melbourne 
Water summarised. A field assessment of most estuaries was also undertaken. 
Descriptions of the physical attributes of the estuaries, and environmental and socioeconomic 
assets are provided. In general, the data located was not collected in a systematic or 
comprehensive way. Therefore, at this stage there is not the data to support comparing the 
estuaries in terms of their assets.  
A key step to addressing many of the knowledge gaps identified in this report is recognition of a 
distinct estuarine habitat on each waterway. Clearly identifying the extent of estuary channel, 
riparian area and catchment is essential for: 
 locating monitoring stations  
 interpreting biological and chemical data.  
 undertaking assessment of the estuarine reaches using a priority setting management 
tool such as STREAMS.  
Studies investigating adapting STREAMS for use in estuaries are currently underway. The 
modification of STREAMS will allow priority estuaries to be identified. These estuaries should 
then be targeted for development of estuary management plans.  
With the exception of the Balcombe Creek estuary (Ratio 1998), no specific estuary 
management plans were located for estuaries in this study. Development of management plans 
provides managers (often several agencies) with clear strategic direction for management 
activities. General guidance for the development of plans is provided in Coastal Action Plans 
(Western Coastal Board 2002; 2005; Gippsland Coastal Board 2006)  
The information needed to support management of estuaries in the Port Phillip Bay and 
Western Port Bay regions identified in this report is summarised in Table A: 
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Table A. KNOWLEDGE GAPS:  ESTUARINE ASSETS & THREATS IN THE PPB & WPB 
REGIONS 
 1. Physical Description 
1.1 The physical characteristics of the estuaries. In particular, a consistent methodology is required 
to define the inland extent of estuaries 
1.2 Information regarding estuary entrance conditions and periods when entrances are open and 
closed. 
1.3 Inundation regimes of riparian areas. This requires monitoring estuary height and developing 
elevation models of riparian areas. 
1.4 Water quality data (including profiles) to provide reference data for a range of ‘estuary types’  
2. Environmental Assets 
Ecological Vegetation Classes 
2.1 The extent of estuarine EVCs including seagrass meadows and non-vegetated flats. 
2.2 The condition of the estuarine EVCs associated with each estuary. 
2.3 A comparison of the current hydrological regime of the estuarine riparian areas with the 
requirements of each EVC. In particular, Coastal saltmarsh, Estuarine wetland and Swamp scrub. 
2.4 Estuarine catchment areas and associated land use. 
Flora 
2.5. EVCs with which the rare and threatened plants are associated. 
Fauna 
2.6 A regular bird monitoring programs for priority estuaries. Investigate potential to liaise with Birds 
Australia to establish program  
2.7 Environmental flow and entrance management to consider bird habitat e.g water depth 
requirement of species 
2.8 Identification of estuaries that function as drought refuge areas 
2.9 A standard monitoring protocol for estuarine fish surveys 
2.10 A monitoring program for aquatic fauna in priority estuaries 
Conservation Areas 
2.11 Identify any actions or issues in management plans of conservation areas that are relevant to 
estuaries. 
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3. Socioeconomic Assets 
3.1. Data quantifying the economic contribution of estuaries 
3.2. An inventory of recreational assets associated with estuaries  
3.3 A monitoring protocol for collection of usage data 
3.4 Data quantifying level of engagement in recreational activities 
4. Threats to Assets 
Altered hydrology 
4.1 Methodology for assessment of environmental flow to estuaries (underway) 
4.2 An inventory of gauges and assessment of effectiveness for measuring estuarine flow.  
4.3. Selection of priority estuaries for implementing estuarine flow methodology 
4.4 Ensuring entrance management considers impact on environmental, socioeconomic and cultural 
values of the estuary 
4.5 Audit of estuaries to identify barriers to fish movement, particularly in low flow events (underway) 
Pest plants and animals 
4.6 Identification of weed types and extent of invasion in estuarine EVCs 
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1 Project Brief 
Deakin University was contracted by Melbourne Water to undertake a literature review of 
internationally and locally published literature and collate information about the estuaries of 
each of the rivers on the list provided by Melbourne Water in the Port Phillip and Western Port 
Bays. The project was to summarize the current state of knowledge of the selected estuaries, 
highlight their current environmental condition and identify threats or key stressors to water 
quality and biota. This information will provide direction for investment in integrated natural 
resource management programs.  
The focus of the review was to: 
1. Provide a physical description of the estuary.  
2. Describe the environmental values of each estuary.  
3. Describe the socioeconomic values of each estuary.  
4. Describe potential threats to any of the values identified.  
Within each section the report should also identify knowledge gaps associated with the relevant 
values and threats.  
2 Acknowledgments 
The time and input of the many people who contributed to this report is very much appreciated. 
A full list of people and agencies consulted is provided in Appendix A 
3 Acronyms 
BA  Birds Australia  
CAMBA China Australia Migratory Birds Agreement 
CMA  Catchment Management Authority 
DSE Department of Sustainability and Environment 
EPBC  Environment Protection and Biodiversity Conservation  
EVC  Ecological Vegetation Class 
FIS Flora Information System 
FFG Fauna & Flora Guarantee 
IRC Index of River Condition 
ISC Index of Stream Condition 
JAMBA Japan Australia Migratory Birds Agreement 
MW Melbourne Water 
PPB  Port Phillip Bay 
SEPP  State Environment Protection Policies 
VFD Victorian Fauna Database 
WPB  Westernport Bay 
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4 Location of estuaries 
Table 1. Locations of the 30 estuaries considered in this report. Abbreviations of estuary 
names are used in other tables in this report 
Estuary Abbrev. Mouth Location Basin Local Government Area Nearest town 
or suburb 
Little River LR 38
0
00′15″  144
0
41′17″ Werribee Wyndham Shire Little River 
Werribee River WR 37
0
58′27″  144
0
41′16″ Werribee Wyndham Shire Werribee South 
Skeleton Creek SkC 37
0
53′54″  144
0
48′08″ Werribee Hobsons Bay Shire Altona Meadows 
Cherry Creek CC 37
0
51′55″  144
0
50′54″ Werribee Hobsons Bay Shire Altona 
Kororoit Creek KoC 37
0
51′37″  144
0
51′56″ Werribee Hobsons Bay Shire Williamstown 
Stony Creek StC 37
0
49′38″  144
0
54′23″ Maribyrnong Hobsons Bay Shire Newport 
Maribyrnong River MR 37
0
49′ 11″  144
0
54′23″ Maribyrnong Melbourne City Council Yarraville 
Yarra River YR 37
0
50′35″  144
0
53′56″ Yarra Melbourne City Council Newport 
Mordialloc Creek MoR 38
0
00′ 46″  145
0
04′ 59″ Bunyip Kingston Shire Council Mordialloc 
Patterson River PR 38
0
04′ 30″  145
0
07′ 06″ Bunyip Kingston Shire Council Patterson Lakes 
Kananook Creek KanC 38
0
08′ 50″  145
0
06′ 55″ Bunyip Frankston City Council Frankston 
Sweetwater Creek SwC 38
0
09′13″  145
0
06′32″ Bunyip Frankston City Council Frankston 
Kackeraboite Creek KacC 38
0
09′44″  145
0
05′52″ Bunyip Mornington Peninsula Shire Mt Eliza 
Balcombe Creek BaC 38
0
15′58″  145
0
00′50″ Bunyip Mornington Peninsula Shire Mt Martha 
Brokil Creek BrC 38
0
18′24″  145
0
59′39″ Bunyip Mornington Peninsula Shire Safety Beach 
Sheepwash Creek ShC 38
0
19′27″ 145
0
58′44″ Bunyip Mornington Peninsula Shire Safety Beach 
Dunns Creek DC 38
0
19′07″  144
0
59′11″ Bunyip Mornington Peninsula Shire Safety Beach 
Chinaman’s Creek ChC 38
0
21′42″  145
0
52′41″ Bunyip Mornington Peninsula Shire Tootgarook 
Main Creek MC 38
0
29′29 ″  145
0
54′45″ Bunyip Mornington Peninsula Shire Cape Shank 
Stockyard Creek StkC 38
0
29′20″  145
0
57′08″ Bunyip Mornington Peninsula Shire Flinders 
Stony Creek StoC 38
0
26′09″  145
0
02′47″ Bunyip Mornington Peninsula Shire Shoreham 
East Creek EC 38
0
24′59 ″  145
0
04′45″ Bunyip Mornington Peninsula Shire Pt Leo 
Merricks Creek MeC 38
0
23′40″  145
0
08′49″ Bunyip Mornington Peninsula Shire Somers 
Olivers Creek OC 38
0
17′31″  145
0
12′05″ Bunyip Mornington Peninsula Shire Old Tyabb 
Kings Creek KC 38
0
17′52″  145
0
11′24″ Bunyip Mornington Peninsula Shire Hastings 
Tooradin Road 
Drain 
TRD 38
0
12′47″  145
0
22′42″ Bunyip Casey City Council Tooradin 
Lower Buniyp River BuR 38
0
13′13 ″  145
0
27′04″ Bunyip Shire of Cardinia Koo-Wee-Rup 
Yallock Creek YC 38
0
13′54″  145
0
28′57″ Bunyip Shire of Cardinia Monomeith 
Lang Lang River LLR 38
0
17′ 21″  145
0
30′43″ Bunyip Shire of Cardinia Lang Lang 
Bass River BR 38
0
29′51″  145
0
25′53″ Sth 
Gippsland 
Bass Coast Shire Council Bass 
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5 Physical Description 
The hydrological regime and physical features of an estuary to a large extent determine the 
physicochemical environment and habitats available within estuaries. Physical features such as 
the geomorphology and mouth status influence, and are influenced by hydrological variables 
such as the timing and extent of both freshwater and tidal inputs. Different species of fauna and 
flora would be expected to occur in estuaries of different sizes, with various depths, inundation 
regimes and marine input. Physicochemical parameters in both the water and sediment will 
also vary in reaches that are subject to tidal inundation. Collating this information (Table 2) is 
therefore a necessary pre-requisite for interpreting data measuring water and sediment quality 
and biological data (Barton 2003)  
5.1 Estuarine Extent 
Information of the physical attributes of estuaries was drawn from a variety of sources. The 
National Land and Water Resources Audit (2002) was a national survey of physicochemical 
and biological characteristics of selected estuaries. The Oil Spill Response Atlas (OSRA 2001) 
also provides some descriptions of the physical and biological assets of particular estuaries. 
These two studies focussed on larger estuaries and therefore many of the smaller estuaries in 
this study were not included. Further information was provided by Barton (2006). Five estuaries 
in the present study were included in her PhD study investigating indicators of estuarine health. 
No studies were located that focussed primarily on the physical characteristics of these 
estuaries. 
Estimates of the inland extent of the estuaries in the reports cited above relied on a range of 
methods including, aerial photography and topography, expert opinion, presence of a physical 
barriers and physicochemical data. No consistent methodology was employed and this possibly 
explains discrepancies in the estimates. Estuary length was only clearly defined in estuaries 
where the presence of a barrier such as a weir or a ford, limited the incursion of marine water 
upstream. However, for all estuaries except the Yarra and Bunyip there were no studies 
measuring whether tidal influence extended as far as that barrier. This may be particularly 
relevant for the Balcombe, Kananook and Mordialloc Creeks.    
The lateral connectivity or extent of each estuary was also assessed. A natural connectivity of 
the floodplain with the channel is important to many estuarine species and processes. Many 
estuarine plants rely on particular inundation regimes for survival. The inundated littoral 
vegetation also provides habitat for birds and a refuge for juvenile fish. Connectivity to the 
floodplain also increases the area of the estuary and slows water movement; this improves the 
effectiveness of the estuary as a nutrient filter and sediment sink. Flow in most estuaries in this 
study is restricted to the central channel with limited lateral connectivity.  
Many of the estuaries in the urban areas of the Mornington Peninsula Shire, Melbourne City 
Council and Hobsons Bay are highly modified with levee banks and steep and /or lined 
channels to prevent inundation of adjacent developments. In more rural areas channel 
modifications are designed to protect adjoining agricultural land from flooding.  
The lateral extent of the estuary is naturally limited in creeks, such as Stony, East Stockyard 
and Main, which flow down the steeper slopes of the Mornington Peninsula and enter Western 
Port. The upper extent of the estuarine reach of these creeks is probably short and the steep 
gullies naturally limit the horizontal extent of the riparian area.  
The riparian area of the Balcombe Creek and the areas on the seaward banks of the Kororoit 
and Merricks Creeks maintain a more natural connection of the floodplain to the channels. Most 
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of the descriptions of connectivity are based on a field assessment by the authors or 
government agency staff. No studies of inundation patterns were identified for any of the 
estuaries in this study.  
5.2 Hydrology 
Biogeochemical processes within estuaries are strongly influenced by circulation patterns and 
the residence time of water in estuaries (Pierson 2002). Concentrations of nutrients and trace 
elements in both the water and sediment will therefore be influenced by factors such as 
discharge and tidal exchange. Calculating the tidal exchange requires information including, 
estuary depth and volume, extent of stratification and tidal movement within the estuary - this is 
often dampened by the height of the beach berm at the estuary entrance.    
Bathymetric profiles and tidal exchange of some estuaries have been determined as a 
component of environmental flow studies. Profiles are available for the Werribee (Sherwood et 
al. 2005), Bunyip (Sherwood 2006) and Yarra (Sinclair Knight & Mertz 2005) River estuaries.  
Depth profiles are also available where required for navigation. Sediment deposition as a result 
of longshore drift reduces depth and navigability of the Mordialloc and Patterson Creek 
estuaries. Depth surveys are therefore undertaken by Parks Victoria approximately every 6 to 8 
weeks in the Mordialloc Creek and weekly in the Patterson River (Sonja Bertotto, Parks Vic. 
pers comm.). The mouth areas are dredged as required, to maintain a safe, navigable 
entrance. A sand bypass technique was trialled on the Patterson River from October 2005 to 
April 2006 as an alternative to dredging (Parks Victoria 2005) 
Much of the information regarding mouth condition is sourced from the Oil Spill Response Atlas 
(2001), cited in Barton (2006) or if the entrance is dredged or located within a National Park, 
provided by Parks Victoria. For estuaries that intermittently close, there was no information 
found on when the entrance closed or how long it remained closed. However, there was 
anecdotal evidence that Balcombe, Chinamans and Dunns Creeks are probably opened by 
community members. Skeleton Creek is at times opened by Parks Victoria (Mark Cullen Parks 
Vic. pers comm)  
 
Kananook Creek 
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Table 2 Physical descriptions of PPB estuaries. C continuously open; I intermittently open; Y – Yes; N –No; P- Partial; - represents unknown. See section 9 for references. 
Estuary Estuary 
length 
(km) 
Entrance 
condition 
Entrance  
width 
approx.(m) 
Estuary 
width 
Max.(m) 
Limits to 
estuary 
width 
Estuary 
area 
(open 
water km2) 
Estuary 
perimeter 
(km) 
Estuary 
catchment 
(km 2) 
Fluvial 
catchment 
(km 2) 
Comments 
LR 2.7711 C1 96011 12011 - 0.1511; 
0.3736 
6.0011 - 890 Access to estuary entrance restricted. Entrance in  
Melbourne Water STP 
WR 8.335; 
5.9811 
C1 1151; 56011 19011 N 0.4911; 
0.7336 
13.4111 - 148436 Ford downstream of Maltby bypass limits upper 
extent. 
SkC 2.6 31; 4.211 I31 0-201; 0-
43011 
32011 N 0.5911; 
0.4736 
12.72 11 - 11536 Ford on management track limits upper extent 
CC ~0.8 - - - Y - - - - Lined channel. Outfall from Cherry lake defines upper 
extent 
KoC 1.6311 C1 451; 8011 64011 P 0.1011; 
0.3136 
3.42 - 346 Between Millers Rd and Ford at Racecourse Rd.  
StC - C1 7545 - Y - - - -  
MR 12.8 C1 ~130 - Y - - - 14336 Canning St Ford defines upper extent 
YR 13.0811 C1 270; 13011 40011 Y 3.4811; 
3.1336 
37.7311 - 548136 Dights Falls limits upper extent of estuary  
MoR 9.11 C1 151 541 Y 271 18.581 9.791 78.811 
 
Entrance dredged 12. Upper estuary is fully lined. 
Banks of most of lower estuary constructed. Training 
walls at entrance. 
PR 2.91; 5.4811 C1 30-401; 
5011 
991; 
15011 
Y 0.7511; 
0.4836 
15.361 10.361 589.611; 
68436 
Outfall at Wells Rd defines upper exten. Mouth 
dredged to maintain opening 
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Table 2 Continued 
Estuary 
Estuary 
length 
(km) 
Entrance 
condition 
Entrance  
width 
approx.(m) 
Estuary 
width 
Max.(m) 
Limits to 
estuary 
width 
Estuary 
area 
(open 
water km2) 
Estuary 
perimeter 
(km) 
Estuary 
catchment 
(km 2) 
Fluvial 
catchment 
(km 2) 
Comments 
KanC ~7.533 C1 101 ~20 Y - - - 665 Eel race drain outfall defines upper extent. 
Channelised creek with adjacent development. 
Entrance dredged 
SwC - - - - - - - - - Extent of estuary probably d/s of Nepean Hwy 
KacC - - - - - - - - 938 Extent of estuary probably d/s of Nepean Hwy 
BaC 2.651  I1 0-101 1491 N22 .061 3.591 4.441 8737 
101.711; 
110 22 
Outfall at Briars Park wildlife reserve limits upstream 
extent 
BrC - C 5032  Y - - - 25.6444 Brokil Creek enters Marthas Cove development 
embayment via a drain. Drain defines upper limit. 
ShC - I38 332 ~15 Y - - - 7.638 Probably intermittently closed. Channelised 
DC - - 532 ~15 Y - - - 24.0144 Probably intermittently closed. Channelised 
ChC - - 532? ~15 Y - - - - Probably intermittently closed . Channelised.  Upper 
extent probably d/s of  Elizabeth St 
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Table 3 Physical descriptions of WPB estuaries. C continuously open; I intermittently open; Y – Yes; N –No; P- Partial; - represents unknown. See section 9 for 
references 
Estuary 
Estuary 
length 
(km) 
Entrance 
condition 
Entrance  
width 
approx.(m) 
Estuary 
width 
Max.(m) 
Limits to 
estuary 
width 
Estuary 
area 
(open 
water km2) 
Estuary 
perimeter 
(km) 
Estuary 
catchment 
(km 2) 
Fluvial 
catchment 
(km 2) 
Comments 
MC 0.654 I 0-5 - N - - - 49.7944 Erosion gully limits upper extent54 
StkC - - - - N - - - 7.638  
StoC - I 0-5 - N - - - 14.938  
EC - I34,38 0-5 - N - - - 16.138  
MeC 2.11 I1 0-201 1131 P 0.071 6.81 9.061 6138; 
40.331;  
 
OC - - - - - - - - 2338 Access to estuary entrance restricted 
KC - - - - - - - - 1638 Access to estuary entrance restricted 
TRD - -  - Y - - -   
BuR 4.130 C1 401 1941 Y 0.151 16.81 42.861 1157.91 Estuary channelised. Water Tower weir limits upper 
extent30 
YC - - - - Y - - -  Estuary extends u/s of South Gippsland Hwy54 
LLR - C 20 - Y - - - 440.3344 
~43025  
Heads Rd is upper extent of estuary54. River 
straightened and channelised24 
BR - C1 201 - N - - -  Tidal influence extends to Bass Township56 
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5.3 Catchment Descriptions 
The complex drainage patterns associated with many of the estuaries and creeks makes 
accurately defining the catchments difficult. Many have also changed over time as streams are 
diverted so earlier studies may not always be relevant.  
It is important to differentiate the fluvial and estuarine catchments as land uses and activities in 
the different catchments present potentially different threats to the health of an estuary (Barton 
2006) (Table 4). Fluvial catchment activities (e.g. agriculture or urban development) will 
potentially affect water quality and the hydrological regime of an estuary. Whereas activities 
and structures in the immediate vicinity of the estuary can directly impact on environmental 
values, for example: loss of fish and bird habitat cause by drainage of floodplains; damage to 
banks by boating or recreational use; and reduction in abundances of some fish species as a 
result of recreational or commercial fishing.  
Digby et al (1999) provided some information on the catchment size for estuaries included in 
the national audit of estuaries and some studies of individual rivers included data about fluvial 
catchment size. But fluvial and estuarine catchments were only differentiated for those 
estuaries included in the study by Barton (2006). To accurately describe the catchments 
requires detailed knowledge of the length of the estuary and - particularly in urban catchments - 
the often complex artificial drainage systems.   
5.4 Data collection 
Melbourne Water collects water quality samples regularly from eight of the thirty estuaries (see 
Table 5. for sites). A range of physicochemical parameters, nutrients and trace elements are 
monitored monthly, these include: temperature, dissolved oxygen (mg/L & % saturation), 
electrical conductivity, turbidity, suspended solids, nitrate, nitrite, ammonia, total kjeldahl 
nitrogen, total nitrogen, phosphate, total phosphorus, arsenic, copper, cadmium, chromium, 
lead, zinc, mercury, nickel, and zinc. E.coli levels are collected more regularly than monthly in 
some estuaries (see section 8.4).  
Monthly flow data are collected from eight estuaries and water levels from nine estuaries (Table 
5). 
Two programs have recently been developed to facilitate collection of estuarine data in south 
west Victoria. They may also be useful for agencies and community groups in the PPB and 
WPB regions. Estuarywatch, a community-based monitoring program has been developed by 
the Corangamite Catchment Management Authority to measure many characteristics of 
estuaries using a consistent methodology, including water height and mouth status. 
Waterwatch is also investigating inclusion of estuarine parameters in their monitoring program 
and there has been some monitoring of Gippsland estuaries.  
EEMSS (2006) is a database that provides guidance to managers when deciding whether or 
not to artificially open an estuary. It considers the potential impact of the decision on the 
environmental, social and cultural values of the estuary. EEMSS also includes a database to 
store physicochemical data including mouth status and water height. This data is necessary for 
describing the inundation patterns for estuarine catchments. 
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Knowledge Gaps: Physical Description 
Further information is required to describe: 
 The physical characteristics of the estuaries. In particular, a consistent 
methodology is required to define the inland extent of estuaries 
 Estuary entrance conditions and periods when entrances are open and closed. 
 Inundation regimes of surrounding areas. This requires monitoring estuary 
height and developing elevation models of riparian areas 
 Estuarine catchment areas and associated land use 
 Water quality data (including profiles) to provide reference data for a range of 
‘estuary types’ 
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Table 4. Catchment activities in some estuaries of PPB & WPB. Data source Barton (2006) unless otherwise noted. See section 9 for references  
Estuary Catchment 
type 
Catchment 
Area 
km 2 
Land Use % 
Conservation Forestry Dryland 
Agriculture 
Irrigation Urban 
MoC Estuarine 9.791 0 0 0 0 100 
 Fluvial 78.81 0 0 27 0 73 
PR Estuarine 10.36 0 0 0 0 100 
 Fluvial 589.611 9 0 21 1 70 
BaC Estuarine 4.44 0 0 25 0 75 
 Fluvial 110 5 0 84 4 7 
MeC Estuarine 9.06 22 0 78 0 0 
 Fluvial 40.33 3 0 89 8 0 
BuR Estuarine 42.86 0 0 98 0 2 
 Fluvial 1157.9 21 11 40 1 26 
LLR55  Fluvial ~430  9 82  <1 
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Table 5. Monitoring sites (water quality and flow) on estuaries in this study. Parameters 
measured monthly except for the Yarra River. Asterix denotes sites in freshwater reaches. 
Estuary Flow and Water Level Water Quality 
 Site ID Site location 
Parameters measured 
& frequency of 
readings 
Site Location 
LR *232200 Little River  Flow and water level *232200 Little River 
WR *231204 
Werribee 
(diversion 
weir)  
Flow and water le vel *231204 Werribee (diversion weir) 
KoC 231101 Altona  Flow & water level KC05 Racecourse Road, Altona 
MR 230235 
Avondale 
heights - 
Canning St 
ford 
 
Flow & water level MT04 
end of Newsom St. 500m d/s of 
Ascot Vale Main Drain 
YR 229622 
Collingwood 
Johnston St,  
Flow & water level 
automated 
LY08 Yarra River at Princes Bridge 
MoR    AM009 Wells Road, Mordialloc 
PR    *AM008 National Water Sports Centre 
outlet, Bangholme 
KanC 228372 
Seaford  
Seaford Rd 
Water level only AM010 Wells Street, Frankston 
DC 228254 
Safety 
Beach 
 
Flow & water level AM177 Marine Drive, Safety Beach 
MeC    AM121 Bridge Street, Merricks 
BuR 228213 Iona  Flow & water level 
 
  
YC 228225 Cora Lynn 
Flow & water level 
(only if level  > 0.8 
AHD) 
AM150 
Monomeith  
 South Gippsland Hwy, 
LLR 228209 
Hamilton’s 
bridge  
Flow & water level 
 
  
BR 227231 
Glen Forbes 
south 
Flow & water level 
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6 Environmental assets 
The Melbourne Water’s Index of River Condition (IRC) is based on the DSE’s Index of Stream 
Condition (ISC). The ISC is a measure of river condition, which was developed for rural rivers 
and creeks. The IRC is modified for urban waterways. Both indices contain five sub-indices; 
physical form, streamside zone, hydrology, water quality and aquatic life. The indices were 
designed for use in freshwater and therefore several components are measured in a way that is 
not applicable to the estuarine reach but can be of use to asses the condition of the freshwater 
entering the estuary. The scores are based on data from 5 years to June 30, 2004. 
STREAMS is a risk based program which supports the Port Phillip and Westernport Regional 
River Health Strategy (PWPCMA 2004). The program is used by the Port Philip and Western 
Port CMA and Melbourne Water to prioritise management activities in waterways in the region. 
The program scores the importance of the environmental, social and economic assets of a 
reach in terms of their level of importance. Some of the environmental assets used to assess 
the naturalness of reaches are based on ISC sub-indices and are therefore not applicable to 
estuaries. In particular, the asset ‘aquatic invertebrates’, was developed for freshwater and is 
not a measure of estuarine naturalness. The assets ‘Native fish richness’ and ‘riparian 
vegetation’ may also need to be modified to be relevant for estuaries. For this reason the 
environmental scores of the lower reaches are not presented in this report   
6.1 Flora and Fauna  
Species lists for flora and fauna were provided by Viridans from the Flora Information System 
and the Victorian Fauna Database. The FIS and VFD contain the databases of the Department 
of Sustainability and Environment.  All native fish species recorded are presented in this report 
However, because of the number of estuaries and the size of the species lists, only flora and 
bird species with a conservation status are included. Electronic files of all species lists have 
been provided to Melbourne Water. 
The following limitations on the data provided may need to be considered when comparing 
estuaries. 
 The inland extent and width of the associated riparian area was not known for all 
estuaries. Where necessary estimates were provided to Viridans. This may have 
resulted in an over or underestimate of the estuarine extent. 
 Both the FIS and VFD are spatial databases. In some cases the polygons used to 
store data will not have aligned with the estuarine areas. Therefore some species 
associated with terrestrial, freshwater and marine environments may also be included. 
 Some fauna species recorded do not generally have a strong association with the 
estuarine environment so were probably recorded while transiting the area. 
 Information is not provided on when the species were recorded. Some records may 
therefore no longer be applicable or other species may be detected if the area was 
surveyed now. 
 The number of species recorded may reflect the survey effort on an estuary  
 The timing of surveys is particularly important for fauna species. Comparison of fauna 
assemblages in the different estuaries is difficult without details of survey timing and 
methodology 
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Species numbers will vary with the size of the estuary and also the data limitations mentioned 
above. Caution is therefore required when interpreting the output from the databases. 
However, numbers of species recorded from each estuary is included as there is for FFG and 
EPBC listed species a legislative responsibility to ensure these species or habitats are 
protected. Numbers also provide a general indication of the extent of natural habitat present. In 
other habitats, the ratio of observed to expected species is a useful measure of naturalness, 
however, this ratio has not been developed for species found in estuarine areas.  
Comprehensive fauna and flora surveys have only been undertaken for a few estuaries 
included in this study: 
 The Balcombe Creek Waterway Management Plan (Kern et al. 2002) includes the 
results of both a detailed flora survey (both EVCs and individual species) and previous 
fauna surveys of the estuary (Legg 1999). 
 Flora and fauna surveys were included in an environmental study of the Bass River 
(Friends of the Bass Valley Bush 1999).   
 Surveys of aquatic fauna in the Lang Lang River (Raadik and Zampatti 1998 in 
Coleman and Pettigrove 2001) did not include the estuarine reach of the river. 
 Fauna surveys of Kackeraboite (Legg 2003a), Merricks (Legg 2003b), Chinaman’s 
(Legg 2002) have been undertaken.  Estuaries including East (Legg In prep.), Stony 
(Legg In prep.) and Kings (Legg 2007) Creeks, have also recently been surveyed for 
the Mornington Peninsula Shire (M. Legge,  2007 pers comm). Surveys included fish, 
reptiles, amphibians, mammals and bird species. Data from recent surveys was not 
available for inclusion in this report. 
 
Balcombe Creek 
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6.2 Ecological Vegetation Classes 
Native Vegetation in Victoria is grouped into Ecological Vegetation Classes (EVC). Each EVC 
may contain several floristic communities and the species within a particular EVC may alter, but 
both the general form and habitat occupied by an EVC is similar. 
The EVCs within the Port Phillip and Western Port Catchment Management Authority region 
were mapped at a scale of 1:25 000 (Oates and Taranto 2001). This scale will have resulted in 
small areas of vegetation not being noted. Also, two important instream estuarine EVC types; 
seagrass meadows and non-vegetated (intertidal) flats, were not included in the survey. 
However the area of intertidal flats identified in a national audit of estuaries by Digby (1999) is 
included in Table 6. 
The information from the survey was accessed using the DSE ‘Biodiversity Interactive Maps’ 
website and the presence or absence of EVCs adjacent to estuaries was noted. Because the 
inland extent and riparian area is not defined for most estuaries, only EVCs generally 
considered to be estuarine were included in this report.  These EVCs are found in the riparian 
areas of estuaries and directly affected by changes in salinity or water levels within the estuary. 
However it should be noted that saltmarsh and mangroves are also found in the marine 
environment, and swamp marsh and estuarine wetlands in freshwater, without field studies it is 
not possible to delineate the estuarine catchments from both areas considered marine and the 
freshwater. For this reason the area of each EVC was not included in this report. Once the 
estuarine catchment is identified, the extent of estuarine EVCs can be more accurately 
measured using the EVC layer in the DSE Corporate Geospatial data library (This information 
is displayed on the Biodiversity Interactive Maps see Appendix B). 
The presence or absence of an estuarine EVC is largely influenced by the hydrological regime 
of the area. This includes factors such as the period of inundation, period since an area was 
last inundated, depth of water and salinity. In unmodified systems, natural variation in these 
factors results in EVCs, over time migrating to different levels in the riparian area. However, the 
presence of structures adjacent to the estuary or in-channel structures can limit or prevent 
migration and result in the EVCs becoming degraded and ultimately lost. The presence of 
some EVCs, such as saltmarsh beside Cherry Creek drain, may be the product of an historical 
hydrological regime. Subsequent changes to the inundation pattern of riparian areas may result 
in loss of species, lack of recruitment and invasion of weeds. Further work is required to assess 
the condition of each EVC and whether the current hydrological regime of the area meets their 
requirements. 
Instream EVCs can be impacted by a range of factors including: 
 Sediments, which can cause smothering and reduce light levels 
 Nutrients, which can increase epiphytic growth    
 Low water levels, which can expose the plants 
 High water levels, which can reduce light levels  
 Physical damage caused by infrastructure, anchoring etc 
Estuarine wetland (no.10) has recently been split into three EVCs (J Yugovic Biosis pers 
comm.): Estuarine reedbed (no. 952) dominated by Phragmites; Brackish sedgeland (no.13) 
with Gahnia; and Bolboschenus and Estuarine wetland (no. 10) with Juncus. Any new mapping 
should reflect these distinctions 
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The bioregional conservation status of three EVC’s commonly associated with estuaries in the 
region, i.e. coastal saltmarsh, estuarine wetland and swamp scrub are all rated as 
‘endangered’. Mangrove shrubland, which is recorded at the mouths of estuaries but also in the 
coastal marine environment, is considered of ‘least concern’ 
The knowledge gaps identified below are consistent with objective 1.1.3 of the Victorian 
Coastal Strategy (Victorian Coastal Council 2002); ‘ a strategic approach to protecting and 
improving the condition of coastal and estuarine wetlands, including mangroves seagrass and 
saltmarsh areas will be developed’   
 
 
 
Chinamans Creek 
 
 
Knowledge Gaps: EVCs 
 The extent of estuarine EVCs including seagrass meadows and non-vegetated 
flats 
 The condition of the estuarine EVCs associated with each estuary 
 A comparison of the current hydrological regime of the estuarine riparian areas 
with the requirements of each EVC. In particular, Coastal saltmarsh, Estuarine 
wetland and Swamp scrub 
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Table 6 Presence of commonly occurring estuarine EVCs in the area around each estuary. 
Data source Interactive Biodiversity Maps unless otherwise referenced.  P – present, blank indicate EVC not recorded. See 
section 9 for references 
 
Coastal 
saltmarsh27  
Estuarine 
wetland27 
Swamp 
Scrub27 
Mangrove 
shrubland27 
Other EVCs 
Little River     Intertidal flats 0.55 km2 36 
Werribee River P P   Intertidal flats 0.25 km2 36 
Skeleton Creek P P   Intertidal flats 0.13 km2 36+ Seagrass 
meadows51 
Cherry Creek P     
Kororoit Creek P    Intertidal flats 0.28 km2 36; Aquatic 
herbland 
Stony Creek  P     
Maribyrnong River      
Yarra River P    Intertidal flats2 36 
Mordialloc Creek  P P   
Patterson River     Intertidal flats 2 36 
Kananook Creek  P P  Damp sand herb-rich woodland 
Sweetwater Creek      
Kackeraboite Creek      
Balcombe Creek   P  Swampy-riparian woodland 
Brokil Creek      
Sheepwash Creek      
Dunns Creek   P   
Chinaman’s Creek   P  Coastal alkaline scrub 
Main Creek  P    
Stockyard Creek      
Stony Creek      
East Creek     Swampy riparian woodland 
Merricks Creek     Coast banksia woodland & other  
Olivers Creek    P  
Kings Creek P   P  
Tooradin Road Drain P P  P  
Lower Buniyp River P P P P Intertidal flats30; Salt paperbark 
woodland or sand forest 
Yallock Creek     Coastal saltmarsh 54 
Lang Lang River   P   
Bass River P P P P  
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6.3 Flora 
Many of the species of flora recorded in the vicinity of the estuaries are not associated with 
EVCs considered to be estuarine, that is EVCs that are subject to inundation with brackish 
water.  Those species identified in the EEMSS (2006) as estuarine are highlighted in Tables 
7,8 & 9. 
The Cherry Creek, Kororoit Creek, Yarra River and Stony Creek have the highest number of 
listed ‘estuarine’ species in the Port Philip Bay estuaries. Olivers and Kings Creeks have the 
highest number of the Western Port Bay estuaries. Most species are found in association with 
the EVCs; Seagrass meadows and Mangroves.  
Rare and threatened species are best protected by maintaining the extent and condition of the 
EVC with which they are associated. This includes meeting the EVCs hydrological 
requirements and protecting them from impacts associated with physical damage and 
increased sediments or nutrient levels. 
 
 
 
Merricks Creek 
 
Knowledge Gaps: Flora 
 Identify EVCs with which the rare and threatened plants are associated. 
 
26 
Table 7. Conservation status of flora present in the estuarine catchments of the study area. 
See Appendix C for explanation of the symbols. Species highlighted are associated with the 
estuarine EVCs in Table 5. Data source: Flora Information System supplied by Viridans   
Family Name Common Name Scientific Name VROTS FFG EPBC 
Adiantaceae Venus-hair Fern Adiantum capillus-veneris   e L   
Apiaceae Water Parsnip Berula erecta   k     
Apiaceae Southern Xanthosia Xanthosia tasmanica   r     
Asteraceae Yellow Burr-daisy Calotis lappulacea   r     
Asteraceae Pale Swamp Everlasting Helichrysum aff. rutidolepis 
(Lowland Swamps)   
v     
Asteraceae Button Wrinklewort Rutidosis leptorhynchoides   e L E 
Asteraceae Branching Groundsel Senecio cunninghamii var. 
cunninghamii   
r     
Brassicaceae Basalt Peppercress Lepidium hyssopifolium   e L E 
Brassicaceae Native Peppercress Lepidium pseudohyssopifolium   k     
Callitrichaceae Swamp Water-starwort Callitriche palustris   k     
Chenopodiaceae Marsh Saltbush Atriplex paludosa subsp. 
paludosa   
r     
Chenopodiaceae Coast Saltwort Salsola tragus subsp. pontica   r     
Chenopodiaceae Black Roly-poly Sclerolaena muricata var. 
muricata   
k     
Cymodoceaceae Sea Nymph Amphibolis antarctica   k     
Cyperaceae Southern Bristle-sedge Chorizandra australis   k     
Euphorbiaceae Coast Bitter-bush Adriana quadripartita   v     
Fabaceae Tough Scurf-pea Cullen tenax   e L   
Fabaceae Clover Glycine Glycine latrobeana   v L V 
Fabaceae Austral Trefoil Lotus australis   k     
Geraniaceae Coast Stork's-bill Pelargonium littorale   k     
Juncaceae Creeping Rush Juncus revolutus   r     
Juncaginaceae Tiny Arrowgrass Triglochin minutissima   r     
Juncaginaceae Prickly Arrowgrass Triglochin mucronata   r     
Malvaceae Salt Lawrencia Lawrencia spicata   r     
Mimosaceae Sticky Wattle Acacia howittii   r     
Mimosaceae Coast Wirilda Acacia retinodes var. uncifolia   r     
Myrtaceae Spotted Gum Corymbia maculata   v     
Myrtaceae Buxton Gum Eucalyptus crenulata   e L E 
Myrtaceae Southern Blue-gum Eucalyptus globulus subsp. 
globulus   
r     
Myrtaceae Melbourne Yellow-gum Eucalyptus leucoxylon subsp. 
connata   
v     
Myrtaceae Studley Park Gum Eucalyptus X studleyensis   e     
Myrtaceae Giant Honey-myrtle Melaleuca armillaris subsp. 
armillaris   
r     
Orchidaceae Lizard Orchid Burnettia cuneata   r     
Orchidaceae Southern Spider-orchid Caladenia australis   k     
Orchidaceae Fringed Helmet-orchid Corybas fimbriatus   r     
Orchidaceae Sunshine Diuris Diuris fragrantissima   e L E 
Orchidaceae Purple Diuris Diuris punctata var. punctata   v L   
Orchidaceae Proud Diuris Diuris X fastidiosa   e     
Orchidaceae Fragrant Leek-orchid Prasophyllum suaveolens   e L E 
Orchidaceae Leafy Greenhood Pterostylis cucullata   v L V 
Orchidaceae Cobra Greenhood Pterostylis grandiflora   r     
Orchidaceae Prawn Greenhood Pterostylis pedoglossa   v     
Orchidaceae Brittle Greenhood Pterostylis truncata   e L   
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Table 7 continued 
Family Name Scientific Name Common Name VROTS FFG EPBC 
Orchidaceae Pterostylis X toveyana   Mentone Greenhood v     
Orchidaceae Thelymitra X macmillanii   Crimson Sun-orchid v     
Philydraceae Philydrum lanuginosum   Woolly Waterlily v     
Phormiaceae Caesia parviflora var. minor   Pale Grass-lily k     
Phormiaceae Dianella amoena   Matted Flax-lily e   E 
Plumbaginaceae Limonium australe   Yellow Sea-lavender r     
Poaceae Austrofestuca littoralis   Coast Fescue r     
Poaceae Austrostipa rudis subsp. 
australis   
Veined Spear-grass r     
Poaceae Entolasia stricta   Upright Panic k     
Poaceae Lachnagrostis punicea subsp. 
filifolia   
Purple Blown-grass r L   
Poaceae Lachnagrostis scabra   Ruddy Blown-grass r     
Poaceae Tripogon loliiformis   Rye Beetle-grass r     
Pteridaceae Pteris comans   Netted brake r     
Ranunculaceae Ranunculus amplus   Feather-leaf Buttercup r     
Ranunculaceae Ranunculus papulentus   Large River Buttercup k     
Santalaceae Thesium australe   Austral Toad-flax v L V 
Solanaceae Nicotiana suaveolens   Austral Tobacco r     
Thymelaeaceae Pimelea spinescens   Spiny Rice-flower e L   
Verbenaceae Avicennia marina subsp. 
australasica   
Grey Mangrove r     
Zosteraceae Zostera tasmanica   Tasman Grass-wrack r     
 
 
Bunyip Creek        Photo J.Sherwood  
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Table 8. Presence of VROT, FFG or EPBC listed floral species in catchments of estuaries entering Port Philip Bay (see Table 7). Highlighted species found in 
association with estuarine EVCs (see Table 6) See Table 1 for explanation of estuary abbreviations. Data source: Flora Information System supplied by Viridans   
                   
Common Name LR WR SkC CC KoC StC MaR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Venus-hair Fern        P           
Southern Xanthosia                  p 
Branching Groundsel        p           
Button Wrinklewort    p  p p            
Pale Swamp Everlasting         p          
Yellow Burr-daisy       p            
Basalt Peppercress        p           
Native Peppercress        p           
Swamp Water-starwort        p           
Coast Saltwort        p           
Black Roly-poly      p             
Marsh Saltbush p p p p p              
Coast Saltwort    p p              
Sea Nymph   p                
Southern Bristle-sedge           p p       
Tough Scurf-pea   p   p p            
Coast Stork's-bill    p               
Creeping Rush   p p p  p            
Tiny Arrowgrass    p p   p           
Prickly Arrowgrass    p p   p           
Salt Lawrencia    p p              
Sticky Wattle              p     
Coast Wirilda                  p 
Buxton Gum        p       p    
Southern Blue-gum        p           
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Table 8 continued 
Common Name LR WR SkC CC KoC StC MaR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Melbourne Yellow-gum        p           
Studley Park Gum        p           
Giant Honey-myrtle        p    p p  p    
Spotted Gum               p    
Southern Spider-orchid               p    
Crimson Sun-orchid               p    
Fringed Helmet-orchid           p p       
Sunshine Diuris      p             
Purple Diuris      p  p           
Proud Diuris      p             
Fragrant Leek-orchid      p             
Prawn Greenhood      p             
Brittle Greenhood      p             
Lizard Orchid           p        
Leafy Greenhood                   
Mentone Greenhood           p p       
Woolly Waterlily         p          
Pale Grass-lily        p           
Matted Flax-lily        p           
Coast Fescue    p       p p p      
Upright Panic           p p       
Purple Blown-grass         p          
Rye Beetle-grass    p               
Veined Spear-grass              p     
Large River Buttercup         p          
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Table 8 continued 
Common Name LR WR SkC CC KoC StC MaR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Feather-leaf Buttercup           p        
Austral Toad-flax    p               
Austral Tobacco        p           
Spiny Rice-flower p   p  p             
Grey Mangrove   p p p p  p           
Tasman Grass-wrack   p                
TOTAL   No. SPECIES 2 1 6 13 7 11 4 18 4 0 7 6 2 2 5 0 0 2 
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Table 9. Presence of VROT, FFG or EPBC listed floral species in catchments of estuaries entering Western Port Bay. Highlighted species often found in 
association with estuarine EVCs (see Table 6). Data source: Flora Information System supplied by Viridans   
  
Common Name MC StkC StoC EC MeC OC KC TRD BuR YC LLR BR 
Venus-hair Fern P            
Water Parsnip P            
Marsh Saltbush      p p p p   p 
Coast Bitter-bush p            
Clover Glycine   p          
Austral Trefoil         p    
Creeping Rush      p  p    p 
Tiny Arrowgrass      p p      
Salt Lawrencia       p      
Giant Honey-myrtle       p      
Cobra Greenhood            p 
Leafy Greenhood p            
Matted Flax-lily        p     
Yellow Sea-lavender      p p      
Purple Blown-grass    p         
Ruddy Blown-grass p            
Netted brake p            
Grey Mangrove      p p p    p 
TOTAL SPECIES 6 0 1 1 0 5 6 4 2   4 
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6.4 Birds  
Birds Australia supports a database which includes the results of bird surveys and incidental 
observations. Data from these sources was only included on the VFD between 1998 and 2002. 
(Andrew Silcocks - Birds Australia, pers comm.).  Therefore the list presented in Tables 10 11 
& 12 may not include some recent records. Birds Australia are encouraging those who 
contribute to the atlas to conduct regular surveys but this is currently not in place for estuaries 
in this study(Andrew Silcocks - Birds Australia, pers comm.).    
Birds which generally have a strong association with estuaries, as identified in the EEMSS 
(2006) are identified in Tables 10, 11 & 12.    
The most effective way to maintain populations of the bird species recorded is by protecting the 
habitats utilised by the various species for feeding, roosting and breeding. The feeding mode of 
the different species can be used to indicate the required water depth. For example, the musk 
duck, hardhead and cormorants are divers and therefore require deeper water than surface 
feeders such as the Australasian shovellers.  
Other species such as the orange-bellied parrot (Little River, Skeleton & Cherry Creeks) utilises 
the riparian area. The parrot migrates from Tasmania during winter and feed on saltmarsh 
plants.  Many of the migratory species listed in CAMBA and JAMBA, such as the sandpipers 
and knots, feed on intertidal non-vegetated areas but may also utilise adjacent saltmarsh or 
wetlands for roosting. These species were recorded in estuaries (Little and Werribee Rivers., 
Skeleton, Cherry and Kororoit Creeks) that drain into the Western section of PPB- a Ramsar 
wetland. Timing of surveys is critical to recording these species.  
Higher numbers of listed species were associated with all estuaries entering the western and 
northern parts of Port Phillip Bay and two estuaries on the eastern shore (Kananook & 
Balcombe Creeks). Higher numbers were also reported from four Western Port Bay estuaries; 
Merricks Creek, Tooradin Road Drain, Yallock River and Bass River. Further monitoring is 
required to determine whether any estuary provides critical habitat for particular species. 
Some estuaries have an important function as drought refuges and can support large numbers 
of bird species, particularly when areas of open water inland are scarce. Further research or 
possibly analysis of existing data is required to identify these estuaries.  
 
Sheepwash Creek (upstream and 
downstream at entrance) 
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Table 10. Conservation status of bird species recorded from Port Phillip and Westernport Bay 
estuaries. Data source Viridans. See Appendix C for key to symbols  
Family  Common Name Scientific Name 
VROTS FFG EPBC 
CAMBA 
JAMBA 
Accipitridae Grey Goshawk   Accipiter 
novaehollandiae 
v    
Accipitridae Spotted Harrier   Circus assimilis 
n    
Accipitridae White-bellied Sea-Eagle   Haliaeetus leucogaster 
v L   
Alcedinidae Azure Kingfisher   Alcedo azurea 
n    
Anatidae Australasian Shoveler  Anas rhynchotis 
v    
Anatidae Blue-billed Duck  Oxyura australis 
e L   
Anatidae Cape Barren Goose   Cereopsis 
novaehollandiae n    
Anatidae Freckled Duck Stictonetta naevosa 
e L   
Anatidae Hardhead   Aythya australis 
v    
Anatidae Musk Duck   Biziura lobata 
v    
Anseranatidae Magpie Goose   Anseranas semipalmata 
v    
Ardeidae Australasian Bittern   Botaurus poiciloptilus 
e L   
Ardeidae Great Egret   Ardea alba 
v L   
Ardeidae Intermediate Egret   Ardea intermedia 
c L  CJ 
Ardeidae Little Bittern   Ixobrychus minutus 
e L   
Ardeidae Little Egret   Egretta garzetta 
e L   
Ardeidae Nankeen Night Heron   Nycticorax caledonicus 
n   CJ 
Cacatuidae Major Mitchell's 
Cockatoo   
Cacatua leadbeateri 
v L   
Charadriidae Greater Sand Plover   Charadrius leschenaultii 
v    
Charadriidae Grey Plover   Pluvialis squatarola 
n    
Charadriidae Hooded Plover   Thinornis rubricollis 
v L   
Charadriidae Lesser Sand Plover   Charadrius mongolus 
v    
Charadriidae Pacific Golden Plover   Pluvialis fulva 
n    
Columbidae Diamond Dove   Geopelia cuneata 
n L   
Diomedeidae Black-browed Albatross   Thalassarche 
melanophris e    
Diomedeidae Grey-headed Albatross   Thalassarche 
chrysostoma v L V  
Diomedeidae Shy Albatross   Diomedea cauta 
v L V  
Diomedeidae Wandering Albatross   Diomedea exulans 
e L V  
Falconidae Black Falcon   Falco subniger 
v    
Gruidae Brolga   Grus rubicunda 
v L   
Haematopodidae Sooty Oystercatcher   Haematopus fuliginosus 
n   C 
Halcyonidae Red-backed Kingfisher   Todiramphus 
pyrrhopygia n    
Hydrobatidae White-faced Storm-
Petrel   
Pelagodroma marina 
n    
Laridae Caspian Tern   Sterna caspia 
n L   
Laridae Fairy Tern   Sterna nereis 
e L   
Laridae Gull-billed Tern   Sterna nilotica 
e L   
Laridae Little Tern   Sterna albifrons 
v L   
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Table 10 continued  
Laridae Pacific Gull   Larus pacificus 
n    
Laridae Whiskered Tern   Chlidonias hybridus 
n    
Laridae White-fronted Tern   Sterna striata 
n    
Laridae White-winged Black 
Tern   
Chlidonias leucopterus 
n    
Meliphagidae Helmeted Honeyeater   Lichenostomus 
melanops cassidix c L E  
Meliphagidae Regent Honeyeater   Xanthomyza phrygia 
c L E  
Pardalotidae Chestnut-rumped 
Heathwren   
Hylacola pyrrhopygia 
v L   
Pedionomidae Plains-wanderer   Pedionomus torquatus 
c L V  
Phalacrocoracid
ae 
Black-faced Cormorant   Phalacrocorax 
fuscescens n    
Phalacrocoracid
ae 
Pied Cormorant   Phalacrocorax varius 
n    
Phasianidae Brown Quail   Coturnix ypsilophora 
n    
Phasianidae King Quail   Coturnix chinensis 
c L   
Turnicidae Red-chested Button-
quail   
Turnix pyrrhothorax 
v L   
Pomatostomidae Grey-crowned Babbler   Pomatostomus 
temporalis e L   
Procellariidae Common Diving-Petrel   Pelecanoides urinatrix 
n    
Procellariidae Fairy Prion   Pachyptila turtur 
v  V  
Procellariidae Southern Giant-Petrel   Macronectes giganteus 
v L E  
Psittacidae Orange-bellied Parrot   Neophema chrysogaster 
c L E  
Psittacidae Superb Parrot   Polytelis swainsonii 
e L V  
Psittacidae Swift Parrot   Lathamus discolor 
e L E  
Rallidae Baillon's Crake   Porzana pusilla 
v L   
Rallidae Lewin's Rail   Rallus pectoralis 
v L   
Rostratulidae Painted Snipe   Rostratula benghalensis 
c L V  
Scolopacidae Black-tailed Godwit   Limosa limosa 
v    
Scolopacidae Common Sandpiper   Actitis hypoleucos 
v   CJ 
Scolopacidae Eastern Curlew   Numenius 
madagascariensis n   CJ 
Scolopacidae Great Knot   Calidris tenuirostris 
e L  CJ 
Scolopacidae Grey-tailed Tattler   Heteroscelus brevipes 
c L   
Scolopacidae Latham's Snipe   Gallinago hardwickii 
n    
Scolopacidae Pectoral Sandpiper   Calidris melanotos 
n    
Scolopacidae Red Knot   Calidris canutus 
n   CJ 
Scolopacidae Sanderling   Calidris alba 
n   CJ 
Scolopacidae Terek Sandpiper   Xenus cinereus 
e L   
Scolopacidae Whimbrel   Numenius phaeopus 
v   J 
Scolopacidae Wood Sandpiper   Tringa glareola 
v    
Strigidae Barking Owl   Ninox connivens 
e L   
Strigidae Powerful Owl   Ninox strenua 
v L   
Threskiornithida
e 
Glossy Ibis   Plegadis falcinellus 
n    
Threskiornithida
e 
Royal Spoonbill   Platalea regia 
v    
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Table 11. Bird species with a conservation status recorded from estuaries that enter Port Philip Bay. ‘Estuarine species’ shaded. p indicates record of species 
occurring. See Table I for explanation of estuary abbreviations. Data source Viridans 
Common 
Name 
LR WR SkC CC KC StC MR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Grey Goshawk 
 p     p            
Spotted Harrier p   p              p 
White-bellied Sea-
Eagle 
p p  p p    p     p     
Azure Kingfisher        p   p        
Australasian 
Shoveler 
p p p p p p p p p  p   p     
Blue-billed Duck p p  p  p  p p p p   p     
Cape Barren 
Goose 
p p  p       p    p    
Freckled Duck p   p               
Hardhead p p p p p p p p p  p   p     
Musk Duck p p p p p p p p p          
Magpie Goose p p  p    p p     p     
Australasian Bittern p p p p     p  p   p     
Great Egret p p p p p p p p p p p   p p   p 
Intermediate Egret p   p   p p p  p        
Little Bittern    p    p p          
Little Egret p p p p p p p p p p p   p     
Nankeen Night 
Heron 
p p  p p p p p p p p   p    p 
Major Mitchell's 
Cockatoo 
        p          
Greater Sand 
Plover 
   p p              
Grey Plover p  p p p              
Lesser Sand Plover   p p p              
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Table 11 continued 
Common 
Name 
LR WR SkC CC KC StC MR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Pacific Golden 
Plover 
p  p p p              
Diamond Dove p                  
Black-browed 
Albatross 
          p        
Grey-headed 
Albatross 
   p p              
Shy Albatross         p  p        
Black Falcon p p p p       p        
Brolga p                  
Sooty 
Oystercatcher 
  p p p              
Red-backed 
Kingfisher 
      p            
White-faced Storm-
Petrel 
        p          
Caspian Tern p p p p p p p p p  p        
Fairy Tern p  p p p              
Gull-billed Tern    p               
Little Tern p  p p p              
Pacific Gull p p p p p p p p p  p p p p p   p 
Whiskered Tern p p p p p p p p p  p        
White-fronted Tern    p p p  p p  p        
White-winged 
Black Tern 
p  p p  p p p           
Regent Honeyeater        p           
Chestnut-rumped 
Heathwren 
p                  
Plains-wanderer  p                 
Black-faced 
Cormorant 
p  p p       p  p p     
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Table 11 continued 
Common 
Name 
LR WR SkC CC KC StC MR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Pied Cormorant p p p p p p p p p p    p p   p 
Brown Quail p  p p               
Grey-crowned 
Babbler 
        p    p p     
Common Diving-
Petrel 
        p          
Fairy Prion    p p    p          
Southern Giant-
Petrel 
p        p     p     
Orange-bellied 
Parrot 
p  p p       p        
Superb Parrot p                  
Swift Parrot        p           
Baillon's Crake p  p p  p p p p  p        
Lewin's Rail p   p p  p       p     
Painted Snipe    p               
Black-tailed Godwit p   p p              
Common 
Sandpiper 
p p p p p p p p           
Eastern Curlew   p p p              
Great Knot p   p p              
Grey-tailed Tattler    p p              
Latham's Snipe p p p p   p  p  p   p     
Pectoral Sandpiper p  p p p              
Red Knot p  p p p              
Sanderling p   p p              
Terek Sandpiper   p                
Whimbrel                   
Wood Sandpiper p p p p     p  p        
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Table 11 continued 
Common 
Name 
LR WR SkC CC KoC StC MR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Barking Owl       p            
Powerful Owl        p           
Glossy Ibis p   p     p          
Royal Spoonbill p p p p p p p p p p p   p     
Red-chested 
Button-quail 
p                  
Total no. species 
Total no. 
estuarine species 
45 
 
 29 
22 
 
 16 
30  
 
24 
50  
 
33 
31  
 
23 
16  
 
12 
20 
 
 15 
23 
 
 15 
29  
 
16 
6  
 
6 
23  
 
15 
1 
  
1 
3  
 
2 
17 
  
14 
4 
 
 3 
0 
 
0 5 
 
 4 
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Table 12. Bird species with a conservation status recorded from estuaries that enter Western 
Port Bay. ‘Estuarine species’ shaded. p indicates present. Data source: Viridans.  
Common Name MaC SyC StC EC MeC OC KC TRD BuR YC LLR BR 
Spotted Harrier          p   
White-bellied Sea-
Eagle 
    p   p     
Australasian Shoveler     p     p  p 
Blue-billed Duck     p       p 
Cape Barren Goose     p       p 
Freckled Duck     p        
Hardhead     p       p 
Musk Duck     p    p p  p 
Magpie Goose     p     p   
Australasian Bittern     p        
Great Egret    p p   p p p  p 
Intermediate Egret     p       p 
Little Egret          p p  
Nankeen Night Heron p    p     p  p 
Grey Plover          p   
Hooded Plover p   p         
Lesser Sand Plover    p      p   
Pacific Golden Plover    p      p   
Black-browed Albatross    p p        
Shy Albatross    p p        
Wandering Albatross    p         
Black Falcon        p     
Sooty Oystercatcher  p p     p     
Caspian Tern    p    p  p   
Gull-billed Tern          p   
Pacific Gull p p p p p   p p p  p 
Whiskered Tern          p   
White-fronted Tern    p p        
Helmeted Honeyeater         p    
Black-faced Cormorant   p p p   p     
Pied Cormorant   p p p   p  p  p 
Brown Quail p            
King Quail            p 
Grey-crowned Babbler       p      
Fairy Prion    p p        
Southern Giant-Petrel    p         
Lewin’s Rail     p    p p   
Common Sandpiper        p    p 
Eastern Curlew        p p p  p 
Great Knot           p  
Latham’s Snipe p    p  p p  p  p 
Terek Sandpiper          p   
Whimbrel          p   
Wood Sandpiper     p        
Barking Owl            p 
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Table 12 continued 
Common Name MaC SyC StC EC MeC OC KC TRD BuR YC LLR BR 
Powerful Owl            p 
Glossy Ibis     p        
Royal Spoonbill     p   p p p  p 
Total species 
Total ‘estuarine’ 
species 
5  
5 
2  
2 
4  
4 
14 
 7 
24  
16 
0 2 
 1 
12  
 11 
7 
 6 
21 
 19 
2 
 2 
17  
13 
 
 
 
 
 
Merricks Creek 
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6.5 Fish 
All listed fish species recorded from estuaries in this review are presented in Table 13. Only the 
Australian grayling and mudfish are considered to be estuarine the other species are generally 
regarded as freshwater species.  
Records from most estuaries were available from Viridans (Tables 14 & 15). Data is also 
included from studies on the Kackeraboite (Legg 2003a), Merricks (Legg 2003b), Chinaman’s 
(Legg 2002), East (Legg In prep.), Stony (Legg In prep.) and Kings (Legg 2007) Creeks. A fish 
survey is also currently being undertaken for Melbourne Water in the Patterson River estuary 
(Coleman R. pers. comm.). Data was not available for some estuaries. This may be because 
the estuaries have not been surveyed or data has not yet been entered in the database.  
The fish species recorded from an estuary will depend on a range of factors including depth of 
the estuary, time of the year, salinity and whether the estuary is permanently or intermittently 
open. Species considered freshwater may move into the estuary during periods of high 
discharge and marine species often move into estuaries on flood tides. Other species, such as 
eels and galaxiids, migrate between the freshwater, estuarine and marine environments at 
different times of the year. Species may also occupy different habitats within the estuary; such 
as seagrass beds, sandy substrate or littoral vegetation. The survey protocol employed, 
including timing, is therefore particularly important for detecting estuarine species.  
Table 13. Conservation status of fish recorded from PPB and WPB estuaries. See Appendix C for 
key to symbols 
Family Name Common Name Scientific Name VROT FFG EPBC 
Galaxiidae Australian Mudfish   Galaxias cleaveri c L  
Galaxiidae Dwarf Galaxias   Galaxiella pusilla v L V 
Percichthyidae Golden Perch   Macquaria ambigua v   
Percichthyidae Macquarie Perch   Macquaria australasica e L E 
Percichthyidae Murray Cod   Maccullochella peelii peelii e L V 
Prototroctidae Australian Grayling   Prototroctes maraena v L V 
 
 
Knowledge Gaps: Fauna 
 Liaise with Birds Australia to establish regular monitoring programs for priority 
estuaries 
 Environmental flow and entrance management to consider bird habitat e.g water 
depth requirement of species 
 Identify estuaries that function as drought refuge areas 
 Develop monitoring protocol for estuarine fish surveys 
 Develop monitoring program for aquatic fauna in priority estuaries.  
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Table 14. Fish species recorded from PPB estuaries. P indicates species recorded. ‘Estuarine’ species listed under the FFG Act shaded. NA data not 
available Data source:  p- Legg- see text for relevant reference; p - Viridans. See Table 1 for explanation of estuary abbreviations 
 LR WR SC CC KC SC MR YR MoC PR KanC SwC KacC
 
BaC BrC ShC DC ChC
 
Common Galaxias   p p p p p p p p   p  p p p   p 
Spotted Galaxias   p          p  p p    p 
Broadfin Galaxias          p   p   p    p 
Dwarf Galaxias                p     
Australian Mudfish          p           
Blue-spot Goby   p p p    p       p     
Bridled Goby    p p   p  p      p     
Glass Goby    p     p            
Large-mouth Goby         p            
Tamar River Goby    p  p   p            
Long-finned Goby    p            p     
Shortfin Eel   p p  p p p  p   p  p p    p 
Short-headed 
Lamprey   
 p    p  p           
Pouched Lamprey    p    p             
Tupong    p      p     p     p 
Flatheaded 
Gudgeon   
p p p p p  p p      p     
Small-mouthed 
Hardyhead   
 p p p       p   p     
Fly-specked 
Hardyhead(sth form)   
     p            
Silver Fish    p                 
Australian Grayling          p           
Southern Pigmy 
Perch   
             p     
Black Bream   p p  p p  p p      p     
Greenback Flounder      p p         p     
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Table 14 continued 
 LR WR SC CC KC SC MR YR MoC PR KanC SwC KacC BaC BrC ShC DC ChC 
Sandy Sprat   p p  p p              
Smooth Toadfish   p   p p         p     
Prickly Toadfish    p                 
Yelloweye Mullet     p  p p   p      p     
Australian Anchovy   p p     p            
Australian Smelt     p      p           
Eastern Australian 
Salmon   
       p           
Tommy Rough                p     
Australian Bass          p           
Golden Perch          p           
Macquarie Perch          p           
Murray Cod          p           
Mulloway          p           
River Blackfish          p           
Sea Mullet          p           
Southern Sand 
Flathead   
 
     
 p 
   
       
Silver Trevally          p           
Total no. species 
Total no. ‘listed’ 
species 
9 
0 
9 
0 
5 
0 
10 
0 
8 
0 
5 
0 
9 
0 
22 
2 
NA NA 5 
0 
NA 4 
0 
16 
1 
NA 0 0 5 
0 
 
44 
 
Table 15 Fish species recorded from WPB estuaries. P indicates species recorded. Data source:  p- Legg- see text for relevant reference; p - Viridans. See Table 1 for 
explanation of estuary abbreviations 
 
MaC SyC StC EC MeC OC KC TRD BuR YC LLR BR 
Common Galaxias   
p p p p p p p p p p p p 
Spotted Galaxias   p p p p p p p p p p  p 
Broadfin Galaxias   p p  p p p   p  p  
Dwarf Galaxias          p  p   
Mountain Galaxias    p           
Blue-spot Goby       p  p      
Bridled Goby              p 
Half-bridled goby            p 
Tamar River Goby              p 
Shortfin Eel   p p p p   p p p p p p 
Short-headed Lamprey          p p p p  
Pouched Lamprey             p  
Tupong    p p p p   p p p p p 
Flat headed Gudgeon     p        
Small-mouthed Hardyhead       p        
Hardyhead       p        
Silver Fish              p 
Australian Grayling          p p p p  
Southern Pigmy Perch          p p p p  
Greenback Flounder              p 
Long-snouted Flounder              p 
Sandy Sprat              p 
Smooth Toadfish         p  p  p p 
Prickly Toadfish               
Sth Aust. Cobbler     p        
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Table 15 continued 
 
MaC SyC StC EC MeC OC KC TRD BuR YC LLR BR 
Yelloweye Mullet   p  p p p        
Australian Anchovy          p     
Australian Smelt           p  p  
Eastern Australian Salmon              p 
Tommy Rough               
King George Whiting              p 
Soldierfish              p 
River Blackfish    p           
Total no. species 
Total ‘listed’ species 
5 
0 
7 
0 
5 
0 
5 
0 
9 
0 
3 
0 
5 
0 
9 
2 
10 
1 
8 
2 
10 
1 
15 
0 
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6.6 Conservation Areas 
The status of the land or waters adjacent to the estuary entrances should influence 
management priorities for the relevant estuaries. Within the study area there are a range of 
sites recognised as important for conservation; their status ranges from local to international 
significance. Additionally there are some areas which have high socioeconomic or cultural 
values. For the purpose of this report, areas have been grouped into Ramsar wetland, wetlands 
listed in the Directory of Important Wetlands, areas managed by Parks Victoria and reserves 
managed by local shires (Table 16) 
 
Ramsar wetlands are considered to be internationally important. They were developed to 
maintain an international network of wetlands for conserving global biological diversity. The 
study area includes two Ramsar sites, Port Phillip Bay Western Shoreline and Bellarine 
Peninsula and Western Port Bay (Appendix Da). Wetlands listed in the Directory of Important 
Wetlands in Australia are considered of national importance (Appendix Db ). Three wetlands, 
Werribee Avalon Area, Point Cook Saltworks and Western Port Bay are relevant to this study.   
 
Parks Victoria responsibilities include management of National Parks, State Parks, Crown Land 
Reserves and metropolitan waterways and adjacent land. Parks Victoria also operates the 
recreational boating facilities, jetties and piers in Western Port and Port Phillip Bays. Sites 
within the study area managed by Parks Victoria include, Mornington Peninsula National Park, 
Point Cook Coastal Park and Cheetham Wetlands, Stony Creek Backwash, Jawbone Flora and 
Fauna Reserve and Patterson River. Also of national significance are Point Cook and Jawbone 
Marine Sanctuaries which could potentially be affected by water quality from several estuaries 
entering the north-west corner of Port Phillip Bay, the nearest being Skeleton and Kororoit 
Creeks respectively.  
 
Reserves managed by the local shire include Altona Coastal Park Conservation Reserve, 
Balcombe Creek Reserve, and Chinaman’s Creek Reserve. Although these parks may have 
some values of high significance, for example birds in Altona Coastal Park are of national 
significance (Hobsons Bay City Council 2007), these values are captured in the flora and fauna 
section of the report.  
 
Werribee River entrance and Ramsar wetland  
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Knowledge Gaps: Conservation Areas 
 Identify any actions or issues in the management plans of the conservation 
areas that are relevant to estuaries.  
  
 
 
Table 16  Conservation status of land adjacent to estuaries. PPB (W & B) - Port Philip Bay 
(Western shoreline & Bellarine peninsula). See Table 1 for explanation of estuary abbreviations 
Estuary Ramsar Directory of 
Important 
Wetlands  
Parks Victoria Local 
Government 
LR PPB (W & B) Werribee- Avalon 
Area 
  
WR PPB (W & B) Werribee- Avalon 
Area 
  
SkC PPB (W & B) Point Cook & 
Laverton Saltworks 
Point Cook Coastal Park & Cheetham 
wetlands; Point Cook Marine Sanctuary 
 
CC     
KoC   Jawbone Marine Sanctuary; Jawbone 
Coastal Park 
Altona Coastal 
Park 
StC   Stony Creek Backwash  
PR    Patterson River 
KanC     
BaC    Balcombe Estuary 
Reserve 
ChC    Chinaman’s Creek 
Nature Reserve 
MC   Mornington Peninsula N.P.  
StkC   Mornington Peninsula N.P.  
EC Western Port Western Port  Point Leo 
Foreshore Park 
and Reserve 
MeC Western Port Western Port   
OC Western Port Western Port   
KC Western Port Western Port   
TRD Western Port Western Port   
BuR Western Port Western Port   
YC Western Port Western Port   
LLR Western Port Western Port   
BR Western Port Western Port Bass River Nature Conservation 
Reserve 
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7  Socioeconomic Assets 
Estuaries are often the focus for a range of recreational and commercial activities. This is 
particularly so in heavily populated areas, which includes much of the study area. Therefore 
activities associated with estuaries have the potential to contribute to both the local and wider 
economies.  
 
A Queensland study (Robinson 2001) quantified the estimated value of Australian estuaries. 
Although no data was available for recreational fishers from Victorian estuaries, the total for 
recreational fishers for Queensland ($528m), Western Australia ($500m) and Northern Territory 
($30m) was $1.06bn. The study also included the value of ports, biodiversity (limited to 
ecotourism associated with dugongs, whales and handfish) and commercial fisheries.  
 
The social value of waterways are assessed in STREAMS using the assets; Camping, 
European Heritage, Fishing, Flagship species, Geological significance, Listed landscape, Non-
motor boats, Passive recreation, Swimming and Public open space. These assets are also 
applicable to estuaries therefore the scores assigned to the lower reaches of streams provide 
some indication of the social value of the estuarine reach (Melbourne Water 2004c) (Table 18) 
 
7.1 Recreational assets 
No audit of recreational assets or systematic study of activities undertaken in the region was 
located. However, the DSE Corporate Geospatial database does include information about the 
presence of boating facilities (Department of Sustainability and Environment 2004). Information 
about the socioeconomic values associated with each estuary was generally sourced from local 
shire officers, agency staff or a field assessment of some estuaries (Table 18).  
 
A strategy to guide management activities in open spaces around Melbourne (Parks Victoria 
2002a) identifies recreation nodes and actions required to protect or enhance recreational 
opportunities in the Melbourne region. Several recreational nodes are associated with estuaries 
these include, Werribee South (Werribee River), Point Cook Coastal Park (Skeleton Creek), 
Cherry Lake Reserve (Cherry Creek), Westgate Park (Yarra River), Patterson River (Patterson 
River) Mordialloc (Mordialloc Creek) and Frankston Foreshore (Kananook Creek). 
 
A survey of recreation and tourism was undertaken as part of the EES process associated with 
channel deepening in Port Phillip Bay (Sinclair Knight Merz 2003). While the popularity of land 
based recreational fishing was noted, estuaries were not specifically mentioned as part of this 
study. 
 
Several Municipal documents identify recreational activities associated with individual 
estuaries. The development of stormwater management plans for waterways in Hobsons Bay 
Shire (WBM Oceanics Australia 2006) included a qualitative assessment of the amenity value 
of creeks. The assessment combined both freshwater and estuarine reaches but provides 
some indication of recreational value of each waterway. The category ‘visual landscape 
amenity’ also incorporated the importance of the waterways for activities such as boating 
cycling walking waterways. Skeleton and Cherry Creeks were scored as very high and Kororoit, 
Laverton and Stony Creeks were assessed as high. Tourism values were also considered to be 
very high for both Skeleton and Cherry Creeks and high for Laverton, Kororoit and Stony 
Creeks. The Wyndham Waterways Strategy (Wyndham City Council 2002) notes the popularity 
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of bird watching in the Western Treatment Plant in the lower reaches of the Little River. A bird 
hide has been constructed at the estuary mouth to facilitate this activity. 
 
The Kananook Creek estuary and associated boating facilities, parks, reserves and paths 
provide a variety of recreational opportunities (Frankston City Council 2007). Walking and 
cycling tracks in the Altona Coastal Park Conservation Reserve allows users to explore the salt 
marsh and coast (Hobsons Bay City Council 2007).  
 
A Plan to guide management of water-based recreational activities has been produced for the 
Yarra River estuary (Parks Victoria 2001). For some estuaries managed by Parks Victoria, Park 
Notes are available. These provide some information regarding recreational activities available 
in each Park (Parks Victoria 2002b; 2004b; a). 
 
7.2 Recreational use level 
No data was located that provided information about use level of the different recreational 
assets of the estuaries in the study area. Parks Victoria collects regular visitor statistics for 
some Parks (usually visitor car numbers) and piers.  This includes data for Patterson River, 
Point Cook/Cheetham Wetlands and the Mornington Peninsula National Park (Table 17). A 
more detailed study of visitor use of the Mornington Peninsula National Park was undertaken in 
2002.  
Table 17. Parks Victoria Visitor statistics 
Estuary Visit days 2000/200143  
Patterson River 492,043 
Mornington peninsula N.P. 2,989,543 
Point Cook and Cheetham 
Wetlands 
192,882 
 
Approximately 50 000 boats are launched and retrieved annually at the Patterson River boat 
ramp (Parks Victoria 2005). No information was located for the other ramps  
 
 
Mordialloc Creek 
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7.3 Economic 
STREAMS scores Land Value, Infrastructure Tourism and Water supply, both irrigation and 
proclaimed catchment, to rate the economic assets of waterways. With the exception of ‘water 
supply’ the assets are all applicable to estuaries and therefore the values assigned to the lower 
reaches of the waterways are shown in Table 18. Aquaculture fisheries reserves are located in 
marine waters near the entrances of the Brokil, Balcombe and Stony Creeks. Details of location 
and boundaries are available from Biodiversity Interactive Maps. 
  
Commercial Port Facilities are located on the Yarra and Maribyrnong estuaries. Melbourne is 
Australia’s largest container and general cargo port. It handles $70bn in trade and contributes 
$5.4bn to the Victorian economy per annum (Robinson 2001)). Information about the port is 
available from the Port of Melbourne Property Information System. This is a web based GIS 
that allows users to view and query data from the Port of Melbourne Corporation's Asset 
Information System (AIS) database. The system displays maps with depths, contours and other 
information about port facilities. Daily shipping details are also available from the Port of 
Melbourne website   
 
Facilities and activities associated with tourism are often focussed on estuaries. No studies 
were located which quantified the importance of estuaries to the tourism industry. 
 
 
Patterson River 
 
 
 
 
Knowledge Gaps: Socioeconomic  
 An inventory of recreational assets associated with estuaries  
 A monitoring protocol for collection of usage data 
 Data quantifying level of engagement in recreational activities 
 Data quantifying the economic contribution of estuaries  
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Table 18. Summary of recreational and commercial infrastructure and activities on Port Phillip Bay estuaries. Y indicates present; – not present; blank is 
unknown. NA not asessed STREAMS scores: 5 represents very high 4 high, 3 moderate, 2 low and 1 very low. See Table 1 for explanation of estuary abbreviations. 
   Infrastructure   Activities  
Estuary STREAMS Scores boat 
ramps moorings 
walking 
tracks jetties boating swimming fishing 
Aquaculture 
Fisheries Reserve 
 Economic Social     Non-motor motor    
LR 
3 3          
WR 
4 4 y y y y y y  y  
SkC 
3 3   y       
CC 
3 3 adjacent - - - - - - -  
KC 
3 3 y y y y y y - y  
StC 
3 5   y       
MR 
5 5 - y y y y y - y  
YR 
4 5 - y y y y y - y  
MoC 
4 5 y y y y y y  y  
PR 
4 5 y y y y y y - y  
KanC 
4 3 y  y y y y - y  
SwC 
NA NA - - - - - -    
KacC 
NA NA - - - - - - - -  
BaC 
3 5 - - y y y - y y Mt Martha Aquaculture 
Fisheries Reserve 
BrC 
NA NA y y y y y y - - Dromana Aquaculture 
Fisheries Reserve 
ShC 
2 2 - - - - - - -   
DC 
NA NA - - - - - - - -  
ChC 
NA NA - - y - - - - -  
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Table 19 Summary of recreational and commercial infrastructure and activities on Western Port Bay estuaries . Y indicates present; – not present; blank is 
unknown. NA not assessed. STREAMS scores: 5 represents very high 4 high, 3 moderate, 2 low and 1 very low. See Table 1 for explanation of estuary abbreviations. 
   Infrastructure Activities  
Estuary  
STREAMS scores 
boat ramps moorings 
walking 
tracks jetties boating swimming fishing 
AquacultureFisheries 
Reserve 
 Social Economic     Non-motor motor    
MC 
 NA NA - - y - - -    
StkC 
NA NA - - - - - - - -  
StoC 
NA NA - - - - - - - - Flinders Aquaculture 
Fisheries Reserve 
EC 
NA NA - - y - - - y y  
MeC 
NA NA       y y  
OC 
NA NA - - - - - - - -  
KC 
NA v - - - - - - - -  
TRD 
3 5?          
BuR 
3 2 - - - - - - - -  
YC 
3 2          
LLR 
3 2 - - - -      
BR 
3 3 
informal - - - y y - y  
 
53 
8 Threats to Assets 
The STREAMS program identifies nine threats to waterways- some of which are based on ISC 
scores: Bank and bed instability, barriers, exotic fish, weeds, stock access, hydrological stress, 
water quality and streamside zone. As discussed in environmental assets (Section 6), these 
are not all relevant to assessing estuarine reaches. Particularly water quality, which scores high 
salinity levels as an increased threat. In addition, stock access is not generally applicable 
particularly to urban estuaries and exotic fish would not be useful for differentiating estuaries.  
8.1 Altered Hydrology 
The IRC hydrology scores of the immediate upstream reach are provided as an indication of 
the hydrological condition of the stream adjacent to the estuary (Table 20). This sub-index of 
the IRC provides a measure of the hydrologic deviation of a reach from the natural flow regime. 
which incorporates high flow, low flow, zero flow variability and seasonality sub-subindices The 
score, of 1 to 10, was modified if the catchment was urbanised. This information was available 
for 21of the streams in the current study. The flow of most streams was highly modified. Only 4 
streams received a score greater than 5.  
Many of the Estuaries in the Study were constructed to prevent inundation of adjoining land 
and no longer follow their natural course. The construction of levee banks and concrete 
retaining walls prevent inundation of floodplains and alter the hydrology of estuaries. Some 
examples are: 
 Cherry Creek is a modified channel that was constructed to drain a series of shallow 
wetlands on basalt plains grasslands and prevent inundation of adjacent industrial and 
urban development.. 
 Mordialloc creek was once the natural outlet to Carrum Carrum Swamp . Water flow to 
the Mordialloc Main Drain and Mordialloc Creek is now mainly supplied by water 
diverted from Dandenong Creek. Additional flow is supplied by Heatherton Drain, 
Centre Swamp Drain and Settlement Drain (Sokolov 1996)  
 The Patterson River was created in 1879 by cutting through the sand dunes to drain 
the Carrum Carrum swamp that ran from Mordialloc Creek to Kananook Creek. 
Following a flood in 1934 the level of the artificial banks of the river were raised 
between the Bay and Pillars Bridge on Dandenong Creek (Parks Victoria 2002b). 
 Kananook Creek was the original southern outlet for the Carrum Carrum swamp. 
Creation of the Patterson drain in the 1870s removed the supply of swamp water to 
Kananook Creek. Flow is now dependent on pumping water from the Patterson lakes 
to Eel Race Drain. The creek is tidal along the entire length (Sokolov 1996)  
 The lower reaches of both Dunns and Sheepwash Creeks have also been extensively 
modified and straightened to protect adjoining developments (Condina & Craig 2002) 
 Chinamans Creek was constructed to drain Tootgarook Swamp and does not follow 
the natural drainage line from the swamp (Condina & Craig 2002).  
 Yallock Creek was diverted with much of the flow not following the original course to 
Westernport Bay (R. Coleman pers comm.)  
 The Lang Lang River originally flowed into the Koo wee rup Swamp, south of Lang 
Lang township. However, in the 1890s the swamp was drained and in 1915 an 18 km 
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drain constructed, this was later enlarged and a levee bank constructed which prevents 
inundation of the floodplain (Coleman and Pettigrove 2001).  
The modifications and a lack of riparian vegetation on the Lang Lang River have resulted in a 
‘flashier’ river that is prone to erosion (Coleman and Pettigrove 2001). There will be similar 
impacts on all estuaries with structures that restrict the width and hence concentrate the flow 
into the estuary channel (see Table 20).   
Flow gauges are required to accurately measure flow to estuaries. Placement of these needs to 
be considered carefully and should be downstream of major inflows or diversions.   
Doeg (2002) used a ‘cascading seasonal flow method’ to assess the environmental stress of 
streams caused by licensed diversion of natural flows. The results were to assist Melbourne 
Water prioritise development of stream management. Each flow season was assigned a stress 
score from 00.00 (no diversions) to 2.00 (a very high level of diversion). A score of 1.00 is the 
maximum desirable level. A stress index is calculated for four flow seasons: High, medium 1, 
medium 2, and low flow. The maximum of the four stress indices is reported in Table 14.  
Only the Lang Lang River had a stress value which exceeded the maximum desirable level. 
However, Doeg (2002) cautions that calculation of the stress index only includes licensed 
diversions. He recommends an assessment of the contribution of farm dams. These may 
constitute a high proportion of the flow diversion particularly in the Mornington Peninsula 
streams.  
Studies of the environmental flow requirements to several individual estuaries have recently 
been undertaken. These include the Werribee (Cooling et al. 2005; Sherwood et al. 2005), 
Bunyip (Sherwood 2006) and Yarra (Sherwood and Crook 2005; Sinclair Knight & Mertz 2005). 
Melbourne Water has also recently engaged SKM to undertake a study examining the impact 
of flow on environmental processes in the estuaries of the Werribee, Little, Yarra and 
Maribyrnong, Bunyip, Bass, and Lang Lang Rivers  (D.Spooner SKM pers. comm.)  
Various methods are used to determine the flow requirements of the estuaries in the studies 
cited above. A study is currently investigating modification of the FLOWS method ((Department 
of Natural Resources & Environment 2002), which is used in freshwater flow allocations, for 
use in estuaries ( J. Sherwood DU pers. comm.). The Werribee and Gellibrand Rivers are trial 
estuaries in this study. Pierson et al. (2002) identified a range of characteristics of estuaries 
that are influenced by altered flow regimes. The development of a consistent methodology, 
which incorporates both the rivers and estuaries requirements in a holistic way, will greatly 
benefit future studies and management of flow to estuaries.  
Entrance modification  
The presence of infrastructure such as groynes and walls at the estuary entrance can alter 
currents entering and leaving the estuary and hence patterns of sand deposition. No audit of 
these structures was located so presence was determined from a variety of sources including a 
field assessment.   
As mentioned in Section 1 (Physical description) some estuaries are artificially opened thereby 
altering the inundation regime of riparian areas. This can cause potential loss of fish eggs and 
larvae (Nicholson et al. 2004) and a reduction in available breeding and foraging habitat for fish 
and birds. While the changed water level associated with artificially opening an estuary will 
affect the habitat of most estuarine bird species. Terns and hooded plovers, which often nest 
on the sand bar at the estuary mouth, can be directly impacted. 
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Barriers to upstream extent 
Barriers can prevent the movement of saline water upstream but can also act as a barrier to 
fish movement. Estuaries in which the inland extent is potentially restricted are listed in Table 
20. 
A concrete spillway at the Briars Wildlife Sanctuary restricts flow and acts as a barrier to 
migration of fish species such as Galaxiid spp. and black bream in Balcombe Creek (Kern et al. 
2002). Barriers to the migration of fish and other aquatic life were also identified as a risk to the 
environmental values of Kananook Creek (Melbourne Water 2004a). and the Lang Lang River 
(Coleman and Pettigrove 2001). There have been major modifications to the Brokil Creek 
estuary for the construction of Marthas Cove. A series of pools are being contructed to allow 
migration of fish from the marine to the freshwater reach. (John Wright, Watsons Pty Ltd pers 
comm).  
A fish way on the Yarra River estuary at Dights Falls has been assessed and modifications 
recommended to improve its effectiveness (Zampatti et al. 2003). 
A study is currently being undertaken by Melbourne Water to remove fish barriers identified in 
the Regional River Health Strategy (Coleman R. pers comm.).  
 
Patterson River 
 
 
Knowledge Gaps- Altered Hydrology 
 Develop methodology for assessment of environmental flow to estuaries (underway) 
 Conduct an inventory of gauges and assessment of effectiveness for measuring 
estuarine flow.  
 Select priority estuaries for implementing estuarine flow methodology 
 Ensure entrance management considers impact on environmental, socioeconomic 
and cultural  values of the estuary 
 Conduct audit of estuaries to identify barriers to fish movement, particularly in low 
flow events 
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Table 20  Modifications to hydrology of estuaries Y –yes; N-no; p-partial. – unknown. Columns ‘Limits to estuary width’ and ‘Comments’ repeated Table 2  
Estuary IRC 
Hydrology 
Score 
Max. 
Stress 
Index44 
Entrance 
Modification 
Dredged  
Infrastructure  
near 
entrance 
walls groynes 
etc 
Limits to 
estuary 
width 
barrier 
to u/s 
extent 
Comments 
LR NA  - - 
- 
- 
Access to estuary entrance restricted. Entrance in  Melbourne Water STP 
WR 2  -  
N 
Y 
Ford downstream of Maltby bypass limits upper extent. 
SkC 7  N  
N 
Y 
Ford on management track limits upper extent 
CC 5  N - 
Y 
Y 
Lined channel. Outfall from Cherry lake defines upper extent 
KoC 2  Y N 
P 
Y 
Between Millers Rd and Ford at Racecourse Rd.  
StC 2 0.24 - - 
Y 
- 
 
MR 2 0.91 - Y 
Y 
Y 
Canning St Ford defines upper extent 
YR 2  Y Y 
Y 
Y 
Dights Falls limits upper extent of estuary  
MoC 2  - Y 
Y 
Y 
Entrance dredged 12. Upper estuary is fully lined. Banks of most of lower estuary 
constructed. Training walls at entrance. 
PR 2  Y Y 
Y 
Y 
Outfall at Wells Rd defines upper exten. Mouth dredged to maintain opening 
KanC 2  Y Y Y Y 
Eel race drain outfall defines upper extent. Channelised creek with adjacent 
development. Entrance dredged 
SwC NA  N - - - 
Extent of estuary probably d/s of Nepean Hwy 
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Table 20 continued 
Estuary IRC 
Hydrology 
Score 
Max. 
Stress 
Index44 
Entrance 
Modification 
 
Infrastructure  
near 
entrance 
Limits to 
estuary 
width 
barrier 
to u/s 
extent 
Comments 
KaC 2  N - - - 
Extent of estuary probably d/s of Nepean Hwy 
BC NA 0.03 N N N Y 
Outfall at Briars Park wildlife reserve limits upstream extent 
BrC 5 0.2 Y Y Y Y 
Brokil Creek enters Marthas Cove development embayment via a drain. Drain defines 
upper limit. 
ShC 4  N N Y - 
Probably intermittently closed. Channelised 
DC 5 0.14 N N Y - 
Probably intermittently closed. Channelised 
ChC NA  N N Y - 
Probably intermittently closed . Channelised.  Upper extent probably d/s of  Elizabeth 
St 
MC 2  N N 
P 
- 
Erosion gully limits upper extent54 
StkC NA  N N 
N 
- 
 
StoC 6  N N 
N 
- 
 
EC NA  N N 
N 
- 
 
MeC 10 0.03 N N 
P 
- 
 
OC 5  - - 
- 
- 
Access to estuary entrance restricted 
KC 5  - - 
- 
- 
Access to estuary entrance restricted 
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Table 20 continued 
Estuary IRC 
Hydrology 
Score 
Max. 
Stress 
Index44 
Entrance 
Modification 
 
Infrastructure  
near 
entrance 
Limits to 
estuary 
width 
barrier 
to u/s 
extent 
Comments 
TRD NA  N - 
Y 
- 
 
BuR NA  N N 
Y 
Y 
Estuary channelised. Water Tower weir limits upper extent30 
YC 2  N - 
Y 
- 
Estuary extends u/s of South Gippsland Hwy54 
LLR NA 1.07 N - 
Y 
- 
Heads Rd is upper extent of estuary54. River straightened and channelised24 
BR 8  N N 
N 
- 
Tidal influence extends to Bass Township56 
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8.2 Stormwater 
Stormwater management plans have been developed by Municipal Councils to identify 
stormwater threats associated with various activities or land uses to the values of waterways.  
The plans also recommend strategies and actions to minimise the identified threats. Details are 
usually provided of the various pollutants and impacts associated with different sources and 
types of stormwater such as, residential, industrial and commercial runoff, waterway 
degradation, major road and building site runoff and unsewered properties. Threat scores are 
assigned which reflect the perceived significance (i.e. frequency and magnitude) of each 
stormwater type to the recognised values of each waterway.  
Hobsons Bay City Council SWMP (WBM Oceanics Australia 2005) recognised many types of 
stormwater as a very high threat to Cherry, Kororoit and Stony Creeks In particular, threat 
scores associated residential, industrial and major road runoff and contaminated land and 
groundwater were high to very high. Boat ramps were also a concern in Cherry and Kororoit 
Creeks. The major threats to Skeleton creek were from road and residential runoff.  
Stormwater carrying high sediment loads and litter generated from new residential 
subdivisions, in particular Bentons Rd., within the catchment are considered to be threats to the 
environmental values of Balcombe Creek (Balcombe Estuary Rehabilitation Group 2007).  The 
Balcombe creek waterway management plan recommends a program of water quality 
monitoring to determine the primary sediment sources and the development of a 
comprehensive program to address these inputs. The flow from stormwater increases the 
flashiness of the Creek and undermines bank stability. There is also concern that changes in 
timing of inundation and salinity and turbidity levels of the water will impact on the estuarine 
EVCs (Kern et al. 2002) 
The timing of stormwater discharge in relation to flow was investigated for the Yarra River (Ng 
et al. 2006). A model was developed which used flow to improve the water quality of the 
receiving waters. 
The Stormwater management plan developed for the Mornington Peninsula Shire (WBM 
Oceanics Australia 2002) recognised the following potential impacts on estuarine environments 
relevant to this report: 
 Nutrient export from market gardens and leakage from septic tanks, which are polluting 
the groundwater table, as threats to the environmental values of Chinaman’s Creek; 
 Sediment and nutrient loads were identified as impacting on the estuarine 
environments in the Merricks Creek and Shoreham (Stony Creek) catchments; and  
 Septic tank leakage and overflow in Merricks and Shoreham were considered as 
potential impacts on the recreational amenity of the foreshore and adjacent waterways; 
 High sediment loads from new residential developments in the Balcombe Creek, 
Hastings and Mt Martha subcatchments 
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8.3 Water Quality 
The ISC water quality scores consider levels of total phosphorus, turbidity, electrical 
conductivity and pH. Scores are based on how close they are to the reference condition for a 
particular SEPP region. These scores are not suitable for assessment of the estuarine reach 
because the naturally high salinity levels in estuaries. Additionally, estuaries may be stratified, 
so the levels of the physicochemical parameters can potentially vary with depth. The IRC 
scores of the freshwater reach are presented to provide an indication of the water quality 
entering each estuary (Table 21).  
Melbourne Water collects water quality data monthly from stations on estuaries listed in Table 
21.  Data from these stations was compared with the water quality objectives for estuaries as 
described in the State Environment Protection Policy (Waters of Victoria). These values are 
based on the Australian and New Zealand Guidelines for fresh and marine water quality 
(ANZECC 2000) but vary to take into account the extent of modification of the system.  
Nutrient levels (total nitrogen, inorganic phosphorus and total phosphorus) in all estuaries 
tested greatly exceeded the SEPP objectives. The minimum oxygen levels were below the 
minimum recommended in all estuaries. Though it should be noted the value was not an 
annual minimum but the minimum for 7 years. The upper level of oxygen was only exceeded in 
the Patterson River and Kananook Creek. The relationship between low oxygen levels and 
water condition in estuaries is not clear. Hypoxic conditions are not uncommon, particularly in 
intermittently closed estuaries, and have also been reported from estuaries otherwise 
considered pristine (Mondon et al, 2003; Barton 2006). Further monitoring and research is 
required for the implications of oxygen levels on estuarine health to be established.   
For some parameters such as transparency, suspended solids and turbidity, no values are 
specified because either there was a lack of data or a high level of variability in the data 
collected. It is recommended that any values recorded be compared with reference sites. 
These are defined as ‘sites…. that characterise background (or natural levels), desirable 
conditions or the best available sites in a segment’. However, because reference conditions 
have not been described for estuarine reaches within the study area, interpretation of the 
values is not possible for this report. 
Mordialloc Creek and Patterson River were identified as major sources of nutrients and 
toxicants to Port Phillip Bay (NSR Environmental Consultants 1993; Sokolov S. 1996). Prior to 
1994, treated effluent from the Dandenong South treatment plant was discharged to 
Dandenong Creek and hence to Mordialloc Creek. Previous studies have indicated high levels 
of copper in the Mordialloc Creek estuary (Environment Protection Authority Victoria 1993).  
The sediment and associated nutrients discharged from the Lang Lang River are considered a 
potential threat to the seagrass beds within Western Port Bay. Investigating the source and 
distribution of the sediment is the focus of a series of studies by the CSIRO (Wallbrink and 
Hancock 2003). 
Stormwater, sewerage and litter were identified as major sources of pollution in the Yarra River 
(Melbourne Water 2006). While nutrient levels in the Yarra River do not meet SEPP objectives, 
level have improved greatly since the 1970s. Levels of heavy metals zinc, copper and Lead 
also exceed the SEPP objectives (Ibid) The Yarra River estuary has been the focus of many 
studies investigating aspects of water chemistry relevant to water quality. These include 
investigations of bacterial levels (Daly 1991; Bell 1994; Environment Protection Authority 
Victoria 1997); heavy metals (Blutstein and Smith 1978; Ellaway et al. 1980; Hart and Davies 
1981); nutrients (Black et al. 1993; Sokolov 1996; Sokolov S. 1996) hydrocarbons (Smith and 
Maher 1984) and sediment  (Lammerts van Bueren 1983). 
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Only two studies were located which measured water quality parameters at different depths in 
estuaries.  Barton (2006) and the EPA investigated water quality (both surface and bottom 
waters) in the estuarine of Mordialloc Creek, Patterson River, Bunyip River, Merricks and 
Balcombe Creek. Samples were collected six times, autumn & spring, between 2000 and 2003. 
The nutrient levels (TN & TP) exceeded the SEPP objectives 100% of the time in both bottom 
and surface waters in all estuaries except: the Balcombe Creek where total nitrogen levels 
were exceeded 50% of the time in bottom waters and the Bunyip River where SEPP objectives 
for total phosphorus were exceeded 80% of the times in both surface and bottom waters. All 
estuaries had dissolved oxygen levels that were at times below the SEPP, particularly in the 
bottom waters of the Balcombe Creek. Oxygen concentrations exceeded the recommended 
values in both the surface and bottom waters of the Bunyip River estuary- a condition often 
associated with high algae counts.  
Sokolov (1997) measured nutrient and metal levels for 6 months at five depths in the lower 
Yarra River estuary. The Yarra was stratified for the sampling period with more saline bottom 
waters. Higher levels of nitrite, nitrate ammonium, silicate and metals (iron and lead) occurred 
near the surface compared with deeper water. Orthophosphate was evenly distributed through 
the water column, 
A recent study investigated contamination of fish and eels in the Yarra and Maribyrnong for 
PCBs, and a range of organic contaminants and heavy metals (Environment Protection 
Authority Victoria 2007b). Some eels were found to have PCB levels above the Australia and 
New Zealand Food Standards Maximum Residue Limit and further monitoring was 
recommended.   
Agriculture including grazing, horticulture and piggeries and septic tanks and small sewage 
treatment facilities were thought to be impacting on water quality in Merricks Creek. Water 
quality is described as poor with high levels of turbidity, nutrients and E.Coli. (Environment 
Protection Authority Victoria 1999). Similar causes were cited for the poor water quality in 
Stony Creek. 
 
 
Bass River 
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Table 21 Quality of water entering Port Phillip Bay and Westernport Bay  
 
 
 
 
 
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estuary 
IRC water 
quality 
Overall IRC 
score 
Estuary 
IRC water 
quality 
Overall IRC 
Score 
LR   MC 10 30 moderate 
WR 5 20 poor StkC   
SkC 6 31 moderate StoC 2 25 poor 
CC 5 25 poor EC   
KoC 4 21 poor MeC 2 29 moderate 
StC 4 16 very poor OC 2 26 moderate 
MR 8 23 poor KC 2 26 moderate 
YR 4 11 very poor TRD   
MoR 6 19 very poor BuR   
PR 6 21 poor YC 2 11 very poor 
KanC 4 21 poor LLR 4 16 very poor 
SwC   BR 6 29 moderate 
KacC 5 26 moderate    
BaC      
BrC 7 34 moderate    
ShC 7 31 moderate    
DC 10 38 good    
ChC      
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Table 22. Summary of available water quality data 2000- 2007. Data source: Melbourne Water. SEPP- State of Environment Protection Policy (Waters of Victoria). Water quality 
objectives for estuaries and inlets. * 75th percentile should be less than or equal to value shown. ** annual minimum/annual maximum  Bold indicates values do not meet SEPP objectives 
Estuary 
  
Temp. 
(C) 
DO 
(mg/L) 
DO (% 
sat.) 
EC 
(uS/cm) 
pH 
Turb. 
(NTU) 
Susp. 
Solids 
(mg/L) 
NO3 
(mg/L 
as N) 
NO2 
(mg/L 
as N) 
NH3 
(mg/L) 
TKN 
(mg/L 
as N) 
Total N 
PO4-filt. 
(mg/L 
as P) 
Total P 
(mg/L 
as P) 
SEPP    80/110
** 
        0.3
* 
0.005
* 
0.03
* 
KoC N 88 88 85 88 88 88 85 88 88 88 88 79 88 88 
 Median 15.75 6.55 68 3900 7.8 23 35 0.345 0.014 0.0655 1.05 1.492 0.0465 0.17 
 Minimum 8.7 0.51 6 370 6.1 4.3 6 0 0 0 0.33 0.34 0 0.07 
 Maximum 25.1 11.1 106 50000 9 155 77 2.5 0.14 1.8 4.8 5.17 0.45 0.7 
 25th  12.2 5.125 53.5 1674 7.5 13 27 0.0398 0.006 0.026 0.8625 1.113 0.026 0.13 
 75th  19.275 8.45 84 14500 8.1 37.75 45 0.7475 0.024 0.0905 1.3 1.937 0.078 0.23 
YR N 87 87 84 87 87 87 84 87 87 87 87 90 87 87 
 Median 16.2 6.9 71 8400 7.2 10 17.5 0.44 0.011 0.087 0.61 1.006 0.03 0.087 
 Minimum 8.7 3.5 40 320 5.1 2.9 1 0.02 0 0.04 0.22 0 0 0.04 
 Maximum 26.1 12.3 108 38000 8.6 235 220 1.1 0.06 0.24 2.1 3.09 0.11 0.31 
 25th  12.4 5.4 59.25 2600 6.9 7 13 0.28 0.008 0.07 0.54 0.7975 0.02 0.069 
 75th  19.9 8.01 79.75 14000 7.6 22 24 0.62 0.014 0.12 0.72 1.2533 0.048 0.11 
MaR N 45 19 18 42 19 45 17 19 19 19 19 19 23 19 
 Median 20.7 5.9 66 9200 7.6 6 35 0.044 0.006 0.071 0.62 0.737 0.053 0.11 
 Minimum 8.8 4.3 43 2200 6.9 4 8 0 0 0.01 0.31 0.36 0 0.08 
 Maximum 33 10.8 106 46000 8 60 53 0.33 0.03 0.17 0.98 1.29 0.94 0.18 
 25th  16.5 5.2 54 3475 7.6 5 19 0.019 0.004 0.014 0.54 0.605 0.037 0.087 
 75th  22.55 7.8 79 30000 7.8 11 40.5 0.21 0.01 0.097 0.69 0.84 0.11 0.15 
PR N 102 76 73 102 76 102 76 76 76 76 76 79 82 76 
 Median 19.1 7.85 82 590 7.6 44 27.5 0.62 0.02 0.0895 0.995 1.507 0.032 0.13 
 Minimum 9.2 4.2 36 240 5.8 4 12 0.01 0 0.01 0.25 0 0 0.07 
 Maximum 26.6 12.1 115 52000 9.7 142 89 2.6 0.06 0.8 3.4 4.75 0.09 0.29 
 25th  14.07 7 72.5 410 7.2 24.75 21.25 0.385 0.014 0.0533 0.8425 1.194 0.023 0.11 
 75th  21.4 8.775 90 2300 8 61 35.75 0.9675 0.0278 0.1475 1.3 2.083 0.042 0.1675 
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Estuary   Temp.  DO  DO % EC pH Turb.  
Susp. 
Solids  
NO3  NO2  NH3  TKN  Total N PO4-filt.  Total P  
MoC N 76 73 77 76 77 76 76 76 76 76 79 76 76 76 
 Median 16.9 6.2 63 2900 7.4 33 27.5 0.645 0.0235 0.11 1 1.508 0.071 0.19 
 Minimum 8.6 3 38 160 5.8 8 11 0.05 0 0.01 0.24 0 0 0.07 
 Maximum 28.8 10.1 97 35000 8.5 194 110 3 0.08 0.49 2.3 4.88 0.37 0.62 
 25th %  12.6 4.725 54 855 7.1 22 22 0.2225 0.013 0.0625 0.87 1.043 0.0395 0.15 
 75th % 21.05 7.2 71.5 8250 7.575 49.5 35.75 1.1 0.0418 0.1475 1.3 2.137 0.1175 0.25 
KanC N 88 88 85 88 87 88 82 88 88 88 88 90 91 88 
 Median 16.95 6.5 67 34500 7.6 6 22.5 0.097 0.0075 0.051 0.715 0.778 0.056 0.13 
 Minimum 9.6 1.4 16.4 740 5.2 1 0.5 0 0 0 0.29 0 0 0.04 
 Maximum 26.9 15 190 56000 8.5 140 65 1.1 1.1 7.9 17 17.37 1.2 1.5 
 25th % 13.1 5 50.5 26250 7 4 7.75 0.0305 0.003 0.0213 0.56 0.57 0.036 0.0903 
 75th % 20.925 7.9 79 44000 7.8 8 38 0.2375 0.017 0.14 0.8725 1.0505 0.1 0.19 
DC N 88 88 85 88 87 88 87 88 88 88 88 79 86 88 
 Median 15.2 7.3 74 2250 7.4 7 5 0.0885 0.005 0.025 0.62 0.744 0.007 0.043 
 Minimum 8.1 1.9 20 800 6 2 0.5 0 0 0 0.27 0.36 0 0.01 
 Maximum 23.7 10.1 104 46000 8.6 95 45 1.5 0.02 0.21 1.9 2.82 0.11 0.17 
 25th % 11.825 5.8 61.5 1677.5 7 4 3 0.0303 0.002 0.016 0.53 0.574 0.004 0.0303 
 75th % 18.075 8.375 83 3650 7.6 10 8 0.3475 0.007 0.037 0.7975 1.025 0.014 0.0675 
MeC N 86 86 83 86 85 86 83 86 86 86 86 78 84 86 
 Median 14.7 6.25 63 3600 7.3 9.9 10 0.06 0.0045 0.0275 0.93 1.054 0.009 0.0535 
 Minimum 8 0.47 5 930 6.1 2 1 0 0 0 0.13 0.19 0 0.01 
 Maximum 25.7 11.9 124 66000 8.6 180 130 13 0.03 0.74 10 13.57 0.59 1.5 
 25th % 12 4.4925 45 2000 6.9 6.75 5 0.0338 0.003 0.0178 0.75 0.8418 0.005 0.0325 
 75th % 19.425 8.025 79 30000 7.5 16.25 18 0.13 0.007 0.0473 1.3 1.481 0.014 0.1 
Yallock 
outfall N 68 68 65 68 68 68 67 68 68 68 68 63 66 68 
 Median 16.1 6.65 69 1455 7.15 53.5 49 0.74 0.0115 0.054 1.45 2.74 0.012 0.15 
 Minimum 8.6 3.2 36 26 5.8 8.2 16 0 0 0.01 0.54 0.67 0 0.04 
 Maximum 25.1 11.5 112 64000 8.3 197 270 16 0.16 1 6.7 13.45 0.63 1.1 
 75th % 19.2 7.8 81.5 2500 7.375 73.5 69 2.8 0.0373 0.1 2 5.124 0.081 0.3275 
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Table 23 Water Quality: Trace element concentrations (mg/L). Values in bold italics exceeded 
ANZECC (2004). %- percentile. Data collected approximately monthly data from 2000-2007. 
Source: Melbourne Water 
Estuary 
  
As Cd  Cr  Cu  Pb  Ni  Zn  
 
ANZECC  
 
0.050 0.005 0.050 1.0 0.050 0.01 5 
KoC N 88 88 88 88 82 88 88 
 Median 0.002 0.0001 0.0045 0.008 0.0075 0.009 0.024 
 Minimum 0 0.0001 0 0 0 0 0.01 
 Maximum 0.02 0.004 0.02 0.03 0.03 0.04 0.3 
 25th % 0.001 0.0001 0.003 0.007 0.004 0.007 0.017 
 75th % 0.0038 0.0002 0.006 0.011 0.01 0.0128 0.04 
YR N 87 87 87 87 82 87 87 
 Median 0.002 0.0001 0.002 0.006 0.004 0.006 0.027 
 Minimum 0 0.0001 0 0 0 0 0.01 
 Maximum 0.02 0.004 0.02 0.03 0.03 0.03 0.14 
 25th % 0.0005 0.0001 0.001 0.004 0.0028 0.004 0.018 
 75th % 0.005 0.0002 0.005 0.008 0.0063 0.01 0.049 
MaR N 19 19 19 19 19 19 19 
 Median 0.01 0.002 0.01 0.01 0.01 0.014 0.04 
 Minimum 0 0.0001 0 0 0 0.01 0.01 
 Maximum 0.03 0.004 0.02 0.02 0.02 0.02 0.29 
 25th % 0.005 0.0001 0.005 0.007 0.004 0.01 0.02 
 75th % 0.02 0.004 0.02 0.02 0.02 0.02 0.04 
PR N 76 76 76 76 72 76 76 
 Median 0.002 0.0001 0.005 0.008 0.006 0.005 0.0575 
 Minimum 0 0.0001 0 0 0 0 0.01 
 Maximum 0.02 0.004 0.02 0.03 0.02 0.02 0.12 
 25th % 0.001 0.0001 0.004 0.006 0.004 0.005 0.04 
 75th % 0.002 0.0002 0.007 0.009 0.007 0.007 0.073 
MoC N 76 76 76 72 76 76  
 Median 0.003 0.0001 0.0045 0.008 0.005 0.005 0.067 
 Minimum 0 0.0001 0 0 0 0 0.01 
 Maximum 0.02 0.002 0.02 0.02 0.02 0.02 0.21 
 25th  % 0.002 0.0001 0.003 0.006 0.004 0.005 0.0408 
 75th % 0.0048 0.0002 0.0068 0.009 0.006 0.008 0.0988 
KanC N 88 88 88 88 86 88 88 
 Median 0.008 0.0002 0.005 0.01 0.005 0.0135 0.0415 
 Minimum 0.001 0.0001 0.0005 0.005 0.005 0.0005 0.002 
 Maximum 0.03 0.004 0.024 0.029 0.02 0.058 0.23 
 25th % 0.004 0.0001 0.002 0.008 0.003 0.01 0.029 
 
75th 
Percentile 0.013 0.001 0.01 0.014 0.0073 0.021 0.0593 
DC N 88 88 88 88 86 88 88 
 Median 0.002 0.0001 0.0005 0.0035 0.001 0.004 0.01 
 Minimum 0 0.0001 0 0 0 0 0 
 Maximum 0.02 0.004 0.02 0.03 0.02 0.02 0.04 
 25th % 0.001 0.0001 0.0005 0.003 0.0005 0.003 0.007 
 75th %  0.002 0.0001 0.001 0.005 0.0033 0.0058 0.014 
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Table 23 continued 
 
 
Dunns Creek (upstream and downstream at entrance) 
 
Estuary 
  
As Cd  Cr  Cu  Pb  Ni  Zn  
MeC N 86 86 86 86 84 86 86 
 Median 0.001 0.0001 0.002 0.005 0.002 0.006 0.013 
 Minimum 0 0.0001 0 0 0 0 0 
 Maximum 0.02 0.004 0.02 0.03 0.02 0.03 0.1 
 25th % 0.0005 0.0001 0.0005 0.003 0.0005 0.003 0.008 
 75th % 0.005 0.0002 0.0043 0.008 0.005 0.0123 0.021 
Yallock 
outfall N 68 68 68 68 65 68 68 
 Median 0.001 0.0001 0.004 0.005 0.002 0.006 0.009 
 Minimum 0.0005 0.0001 0.001 0.001 0.0005 0.002 0.001 
 Maximum 0.013 0.001 0.02 0.02 0.01 0.022 0.03 
 25th % 0.0006 0.0001 0.0021 0.004 0.002 0.005 0.007 
 75th % 0.002 0.0001 0.0058 0.007 0.0045 0.008 0.0128 
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8.4 Microorganisms 
The level of Escherischia.coli is used as in indicator of pathogens associated with faecal 
contamination. E.coli levels often increase following high rainfall and consequent increased 
stormwater discharge.   
The SEPP guidelines for estuarine and marine waters specify that the median of 5 samples 
collected within 30 days should not exceed 150 organisms /100mL for primary contact (e.g. 
swimming) or 1000 organisms/100mL for secondary contact (e.g. boating).  
The results of intensive E.coli monitoring by Melbourne Water are summarised in Table 24 
Samples were collected approximately weekly usually from December to March from estuaries 
of the Yarra, Maribyrnong and Patterson Rivers and Kananook and Mordialloc Creeks and 
monthly thereafter. Only the weekly samples were analysed. This period coincides with 
increased recreational use but is also a low flow period. Samples for E.coli testing were only 
collected monthly from Kororoit, Dunns, Merricks and Yallock Creeks. For the purpose of this 
report the data was pooled over each summer/autumn sampling period for the intensively 
sampled estuaries and pooled over the years for other estuaries. The results therefore do not 
satisfy the SEPP conditions, however, it provides a general indication of the level of 
contamination of each estuary.  
E.coli concentrations were found to be of some concern for recreational use (indicated by 
medians and 75th percentile) in both Mordialloc Creek and the Yarra River.  
A study investigating the source of faecal material in the Yarra River found that human faecal 
matter was a major contributor to contamination in the Lower Yarra and was present in all 
drains and tributaries samples (Bate et al. 1997).  
Analysis of historical data of E.coli concentrations in the Lang Lang River estuary (1992 to 
1998) indicated that while individual samples exceeded 1000org./100mL, the median remained 
below this level (Coleman and Pettigrove 2001). High E.coli levels were also noted for 
Balcombe and Merricks Creeks (Environment Protection Authority Victoria 1999). 
 
Brokil Creek (Martha’s Cove) 
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Table 24 E.Coli concentrations (organisms/100 mL) in Port Phillip Bay estuaries. Samples 
collected approximately weekly, usually from December to March (A-E). Approximately 
monthly samples were pooled over the years 2000-2006 for estuaries in Table 20F 
A Maribyrnong River 
 2000 2001 2001-02 2002-03 2003-04 2004-05 2005-06 
N 13 17 16 17 17 17 29 
Median 40 80 80 20 40 100 130 
Minimum 10 10 10 10 20 10 10 
Maximum 940 3500 3800 120 1500 400 2300 
75
th
 Percentile 270 150 315 50 90 190 340 
 
B Kananook Creek 
 2000 2001 2001-02 2002-03 2003-04 2004-05 2005-06 
N 13 16 17 17 17 14 16 
Median 360 280 260 220 120 270 345 
Minimum 80 60 10 60 20 41 52 
Maximum 4600 6800 6600 4500 3800 4200 3100 
75
th
 Percentile 695 600 870 390 310 820 615 
 
C Yarra River 
 2001 2001-02 2002-03 2003-04 2004-05 
N 17 17 15 17 15 
Median 660 960 360 400 520 
Minimum 200 260 80 40 140 
Maximum 16000 5000 58000 35000 2000 
75
th
 Percentile 1500 1300 1400 1150 1400 
 
D Mordialloc Creek 
 2000 2001-02 2003-04 2004-05 2005-06 
N 31 13 17 17 17 
Median 110 460 640 1200 260 
Minimum 5 60 60 60 100 
Maximum 2400 4000 5700 120000 10000 
75
th
 Percentile 290 1010 1500 2500 840 
 
E Patterson River 
 2000 2001-02 2002-03 2004-05 2005-06 
N 13 17 17 17 16 
Median 20 40 80 100 155 
Minimum 10 10 10 20 10 
Maximum 2400 900 1300 9800 2800 
75
th
 Percentile 260 340 250 245 270 
 
F Merricks Yallock Dunns Kororoit 
N 85 68 88 88 
Median 320 190 490 250 
Minimum 10 10 60 10 
Maximum 5400 5800 6200 3600 
75th Percentiles 640 495 1000 600 
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8.5 Sediment Quality  
Very few studies of estuarine sediment quality were located. The studies generally focussed on 
estuaries with a history of industrial discharge such as the Yarra (Smith and Milne 1979; 
Ellaway et al. 1982), Maribyrnong and Kororoit Creek (Reed 1992) . However, more recent 
studies were located for the Lang Lang River (Coleman and Pettigrove 2001), Balcombe and 
Mordialloc Creeks, Patterson and Bunyip Rivers (Barton 2006).  
Sediment values in the studies reported below were compared with the interim sediment quality 
guideline values (ISQG) derived by the Australian and New Zealand Environment Conservation 
Council (ANZECC). The ISQG – low value is the level below which adverse affects are 
considered unlikely. Values above the ISQG-high are known to have adverse affects on some 
animals. 
Reed (1992) collected sediments in February and May 1989 from three sites in Kororoit Creek. 
Only the results from the site immediately upstream of the estuarine reach are presented in 
Table 17. The levels of all heavy metals tested were above the ISQG-low values and levels of 
Nickel, Zinc and mercury exceeding the ISQg high values (Table 25). 
Barton (2006) in a study with the EPA, tested sediment in the Mordialloc Creek, Patterson, 
Bunyip and Balcombe for a range of trace elements. Samples were collected autumn and 
spring 2002 at 3 sites in the Modialloc Creek and only in autumn at one site for the other 
estuaries.  Heavy metals were only above the ISQG Low in the Mordialloc and Kororoit Creek, 
both have a history of receiving industrial discharge. 
The sediment in the Stony Creek backwash is contaminated with levels of hydrocarbons and 
metals (unspecified) that the authors concluded  ‘could pose a risk to the ecosystem including 
foraging birds’ (Environment Protection Authority Victoria 2007a). 
In a 2001 study, the level of trace elements in the sediment of the lower reach of the Lang Lang 
River (at Sth Gippsland Hwy) did not exceed ISQG-low levels. Historical data (1994-1997) 
reported in the same study only showed one of eight sediment samples exceeding ISQG-low 
levels for mercury, cadmium and arsenic (Coleman and Pettigrove 2001).   
Analyses of sediment in the Yarra River estuary carried out as part of the Port Phillip Bay 
channel deepening project revealed levels of zinc, lead, nickel and Tributyltin (TBT) exceeding 
ISQG-low levels. High levels of hydrocarbons were recorded in the lower part of the estuary 
(Port of Melbourne Corporation 2004).  
Preliminary results of a recent EPA estuary study have also indicated high level of 
hydrocarbons in the Mordialloc Creek sediment (Tiller, David pers comm.). 
 
Stony Creek (upstream and downstream at 
entrance) 
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Table 25 Summary of estuarine sediment studies: Concentration of trace elements. Exceeds 
ISQG-low (L) Exceeds ISQG – high (H) Does not exceed low (N) blank – not tested Data source 
*
Barton (2006) KoC 
Reed (1992) LLR Coleman & Pettigrove (2001) YR Port of Melbourne Corp. (2004). 
Estuary         
 As Cd Cr Cu Hg Pb Ni Zn 
YR N N N N N L L L 
KoC
  L N L H L H H 
MoC
  L N L L H L H 
PR  N N N N L N N 
BC  N N N N N N N 
LLR
 L L N N L N N N 
BuR  N N N N N N N 
 
Kananook Creek 
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8.6 Pest plants and animals. 
The introduction of Spartina is a major threat to the environmental values of the Bass River 
estuary modifying flow and altering habitat. Increases in Spartina are reducing available 
intertidal mudflats (Kern et al. 2002) . A Parks Victoria and Melbourne Water project is currently 
underway, using aerial surveys to map the extent of the invasion (T. Roland Parks Vic).  
Weeds were identified as a potential threat to environmental values in the lower reaches of 
several waterways. However, most species mentioned are not generally associated with saline 
invading estuarine EVCs. For example, Pampas grass (Olivers Creek); blackberries, pine trees, 
pampas grass and Pittosporum (Stony Creek) in the Mornington Peninsula Shire (Condina & 
Craigie 2002) and willows on the Lang Lang River (Melbourne Water 2004c).  Unspecified 
weeds from agricultural land were also considered a threat to Main Creek.  
Introduced fish species’ such as Carp, goldfish, mosquitofish and trout are freshwater species 
and although they are at times recorded from estuaries they are not generally considered a 
threat to estuarine species or habitat. 
 
 
East Creek 
Knowledge Gaps- Pest Plants & Animals 
 Identification of weed types and extent of invasion in estuarine EVCs 
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Appendix B Example of the output available from Biodiversity 
Interactive Maps: EVCs of Skeleton Creek estuary area 
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Appendix C Key to conservation status terms 
 
 
 
 
 
 
 
 
 
 
 
Conservation status       
TVF Threatened Vertebrate Fauna in Victoria FFG- Flora and Fauna Guarantee Act (1988)  
DD- data deficient  N-Nominated for listing     
NR-near threatened  L-Listed      
Vu-Vulnerable        
En- Endangered  EPBC- Environment Protection and Biodiversity Act (1999) 
CR-Critically endangered CD- Conservation dependent    
WX- extinct in the wild  VU- Vulnerable      
RX- regionally extinct  EN- Endangered      
EX- Extinct  CR- Critically endangered     
  EX- Extinct      
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Appendix D Conservation Areas 
 
 
A)  Location of Ramsar Listed wetlands. Source DSE Biodiversity interactive maps 
 
 
 
B)  Location of wetlands listed in the Directory of Important Wetlands in Australia. Source 
DSE Biodiversity interactive maps  
 
 
